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INTROD 


LIFE IS CHEMICAL—all living cells and the organs and creatures they form 
function as organized systems of chemical reactions. That fundamental 
fact explains why drugs are so important to human well-being. For drugs 
are the chemicals best able to enter into the living reactions of cells and 
alter their structure or function, hopefully but not always for the bet- 
ter. Indeed, it may be said that the effort to find and use beneficial drugs 
to treat the ills of body and mind has been the major effort of civilized 
medicine in its millennia-long struggle against suffering. The victories, 
stalemates and defeats of that effort are excitingly told in this book. 

By now we have accumulated a vast pharmacopoeia ranging from 
deadly poisons to lifesaving, bacteria-destroying antibiotics. We have 
mind-influencing drugs such as anesthetics, pain-relievers, tranquilizers 
and psychic energizers. We have alcohol, caffeine and nicotine and other 
depressants and stimulants. Drugs to regulate mood and emotion can 
alleviate mental illness, while others that may improve learning and 
memory are under investigation. We have isolated or synthesized nat- 
ural body products—hormones such as insulin, thyroxin, sex hormones 
and cortisol, to substitute for the output of deficient glands. Some hor- 
monal substances synthesized by chemists are more effective than are 
the natural hormones themselves—modified hormones can block normal 
reproductive processes and thus serve in birth control pills. But we 
also have the much praised and damned LSD, one of many substances 
that modify a person’s view of himself and reality. And there are many 
diseases that still torment mankind for which drugs are urgently needed. 

The effort to find and use beneficial drugs goes on at an accelerated 
pace and in a new, more effective way. Discoveries in the past have 
usually come from trial and error, but 20th Century advances in science, 
especially those of recent years, are teaching us how chemicals enter 
into the complex reactions of cells and tissues. Thanks to these ad- 
vances, pharmacologists are learning to produce drugs that act more 
powerfully and directly against many ailments, and that even raise the 
hope of ultimate vietory over such killers as cancer and disorders of the 
heart and blood vessels. With this new knowledge, here explained in 
clear detail and informative case histories, the deadliest enemies of 
mankind may yet be conquered. 


—HuUDSON HOAGLAND 
Krecutive Director 
Worcester Foundation 


for Expersmental Biology 


Poisons That 
Save Lives 


- 
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Todays drugs come in varie packages 
An open capsule (far /eft/ spills powder 
next to itis a Spansule loaded with time 
pills The ampule /fcente 

for injection Stacked at right 


bottom) gelatin. uncoated and coat: 


IN THE HOSPITAL EMERGENCY ROOM, a physician bends over an uncon- 
scious two-year-old. The child’s breathing is rapid and shallow, his pulse 
is pounding. His terrified parents, huddled nearby, can say only that 
the boy swallowed “some pills.” 

The doctor has the patient’s stomach washed out and orders a quick 
blood test. The test confirms what he had already suspected: the child 
is suffering from acute salicylism, the result of gulping a fistful of aspirin 
tablets. He has been brought near to death by a drug that is one of the 
most useful known to science—and also the leading cause of accidental 
poisoning in children. 

Deep in the Amazon jungle, a Jivaro hunter quietly loads his blow- 
pipe with a dart whose needlelike tip is covered with a brownish gum. 
Leveling the 15-foot tube at a monkey perched on a tree 30 yards off, he 
sends the tiny missile on its way with a silent puff of air. The monkey 
jumps at the prick of the dart, chatters a few moments, sways and falls 
from its perch. In less than five minutes, it has stopped breathing. 

The brownish gum that killed the monkey is curare—one of the most 
toxic natural substances known. In purified form it is also a valuable 
adjunct to surgery: injected in minute doses, it relaxes the muscles of 
the abdomen (even as it first relaxed and then paralyzed the monkey's 
muscles) so that the surgeon can operate on his patient without fear 
that an involuntary muscular spasm will complicate his task. 

These two anecdotes sum up what is probably the most fundamental 
fact about drugs: all drugs are poisons, and all poisons are drugs. It is 
no accident that the words “poison” and “potion” come from the same 
root, or that the Greek word pharmakon, which we find rooted in our 
own words “pharmacy” and “pharmacology,” originally meant both a 
healing draught and a deadly one. 

In the broadest sense, a drug—or a poison—is any chemical that can 
effect an alteration in the function or structure of living tissue. (A bul- 
let, striking the body at high velocity, can unquestionably alter its fune- 
tioning—but does so mechanically rather than chemically, and therefore 
could not be classed as a drug.) 

As commonly used, of course, the word “drugs” implies medicinal 
chemicals—those substances that, in carefully regulated doses, produce 
desirable changes in the human body, counteracting disease or relieving 
distress. These beneficial poisons have nearly wiped out some diseases 
and can at least alleviate the impact of most of the rest. They ean speed 
a flagging heart or slow a racing one, raise the blood pressure or lower 
it, stimulate the kidneys to excrete more or less, and perform scores of 
other medically useful tasks. 

They can alter the functioning of the nervous system: anesthetics 
can blot out the pain of the surgeon’s knife; tranquilizers can allay the 
anxieties of the neurotic or psychotic. But their action on the nervy- 
ous system is not always for the better. Aleohol can induce euphoria 
—or comatose stupor; the opiates ean relieve pain—or “hook” addicts. 
Hallucinogens such as LSD) may perhaps expand the consciousness on 
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THE OLDEST PRESCRIPTIONS were 
inscribed in angular cuneiform writing on a clay 
tablet by a Sumerian physician of the Third 
Millennium BC 


here in close-up contains two prescriptions 


The portion of the tablet seen 


The column on the left prescribes the seed cf 
carpenter plant = gum resin of markhaz: and 
thyme. all pulverized and dissolved in beer 

The column on the right calls for powdered 
root of ° 


dissolved in beer The diseases for which these 


moon plant and white pear tree 


drugs were prescribed are not knowr 


occasion, and they may also warp the mind to the point of insanity. 

The ambiguous qualities of these central nervous system drugs point 
up a basic truth about all drugs: improperly used, or sometimes even 
properly used, they become poisons without qualification, producing 
unwanted reactions ranging from temporary nausea to death. Even the 
most beneficial drugs notoriously possess adverse effects. Some experts 
estimate that perhaps one American hospital patient in 20 lands in the 
hospital as a result of reactions to drugs. The best one can say of any 
drug is that its beneficial effects outweigh its harmful ones—for most 
patients, most of the time. 

The search for drugs that will do more jobs more effectively and more 
safely has occupied men for millennia. The quest has taken them to 
strange places: to the South American jungles, where curare originated; 
to the brews of medicine men and “wise women” skilled in the use of 
herbs, which have yielded at least a score of useful drugs; and, increas- 
ingly, into the submicroscopic labyrinth of molecules, whose complex- 
ities are slowly yielding clearer answers to the questions of why drugs 
do what they do and how they can be made to do it better. 


Soap and water as drugs 


However, for the pharmacologist, the scientist who specializes in the 
study of drugs, and indeed, for people of all sorts, the “drug problem” 
is far broader than the search for new and better medicines. broader 
even than the widespread medical and social dilemmas that stem from 
the abuse of some drugs. Substances that can affect us chemically are 
all about us, constantly entering our bodies though we may never let 
a pill pass our lips. Thus, the soaps, rinses, deodorants and depilatories 
in the family bathroom are drugs; so are the detergents, cleaners and 
metal polishes in the kitchen. The do-it-yourself homeowner works with 
paints and their solvents. The farmer and home gardener have chemical 
fertilizers, pesticides and weed-killers. With every breath we draw, we 
inhale carbon monoxide, hydrocarbons and oxides of nitrogen from au- 
tomobile exhausts, sulfur dioxide and soot from smoking chimneys— 
drugs every one of them. If we smoke, we inhale several hundred more. 
Indeed there is not one substance in our environment that cannot, un- 
der certain circumstances, act as a drug. Even the purest distilled water, 
consumed in large enough quantities, can leach enough salt out of the 
body to produce a condition akin to heat exhaustion. Children who have 
swilled down a gallon of water have died of water poisoning. 

In today’s world, nonmedicinal drugs are far more numerous, far less 
avoidable and for the most part considerably less well understood than 
the medicinal drugs. Yet a better understanding of environmental drugs 
is no less essential to civilized man than is knowledge of medicines. 
We are just beginning to comprehend some of the ways in which our 
environment, which most emphatically includes the drugs in it, can 
make us healthy or unhealthy, vigorous or debilitated. Without a deeper 
comprehension of drugs, civilization stands an excellent chance of poi- 


soning itself with its vast array of chemical and industrial by-products. 

If drugs in the broad sense are conspicuously products of civilization, 
in the narrow medical sense, they almost surely antedate civilization. 
“The desire to take medicine,” quipped the noted Canadian physician 
Sir William Osler, “is perhaps the greatest feature which distinguishes 
man from the animals.” The evidence suggests that there is a good deal of 
truth in Osler’s witticism. Nearly all of the still-primitive peoples use at 
least one or two drugs. The Australian aborigines, for example, usually 
classed as the least civilized culture on earth, chew the pituri plant for 
its narcotic effect. They use the same drug to poison fish. 

It is a reasonable guess that our prehistoric ancestors employed sim- 
ilar potions 10,000 or even 50,000 years ago. Indeed, some degree of phar- 
macological sophistication was a condition of man’s survival, for his 
palate, when he is hungry enough, is notoriously unchoosy. Even the 
most apelike primitives must have distinguished, by instinct, intelli- 
gence or unhappy experience, between nutritious berries and poisonous 
ones, between roots that would maintain life in time of famine and 
those that would end it in agony. 

Whatever we may guess about precivilized man, we know quite def- 
initely that the first civilized men were medicine-takers. The Sumerians, 
who built the earliest civilization along the valley of the Euphrates and 
Tigris rivers 5,000 years ago, compounded medicines from salt and salt- 
peter, cassia, myrtle, asafetida and thyme; from the seeds, roots or bark 
of the willow, fir, pear, fig and date trees. Scratching on tablets of damp 
clay, their doctors set down prescriptions such as this: “The seed of the 
carpenter plant; gum resin of markhazi; thyme. Pulverize. Dissolve in 
beer. Let the man drink.” Unfortunately, the Sumerian physicians failed 
to give specific quantities in their recipes or to identify the complaints 
for which they were intended. Today, we can only guess at their efficacy. 

Judging from the much more comprehensive and precise medical doc- 


uments of the ancient Egyptians, the therapeutic batting average of 


their early prescriptions could not have been high. Many, indeed, con- 
tained substances that we can identify as drugs, but in all except a few 
instances the effects of the drug, or its quantity, or its method of appli- 
cation were quite inappropriate to the complaint. 


A cure from the liver of an ox 


When the Egyptian physician prescribed an extract of pomegranate 
root to combat roundworms in the intestines, the result was probably 
excellent, since the root does contain a potent vermifuge. More remark- 
able was the prescription of “liver of ox, roasted and crushed,” to cure 
night blindness. We now know that this disorder is due to vitamin 
A deficiency, and since liver is an excellent source of the vitamin, the 
Egyptian prescription doubtless worked more often than not. But when 
the doctor purported to cure blindness by mixing pig’s eyes, antimony, 
red ocher and honey and then pouring the concoction into the suf- 
ferer’s ear, he was operating far out of his medical depth—despite the 





AN ANCIENT DRUG made of goat's blood 
and white earth from the Mediterranean island 
of Lemnos was used throughout Europe for 

16 centuries Shown at about twice its actual 
size, the medically useless. square pellet called 
terra sigillata (sealed earth) was prescribed by 
Roman physicians as early as 100 AD In tts 
heyday, it was renowned as an antidote against 
poison and a remedy for dysentery 
hemorrhages and ulcers. but it fell into disfavor 
in the 16th Century when it was widely but 
futilely used against the bubonic plaque 





A CRUDE EYE REMEDY, prescribed in 13th 


Century Europe applied a drug made of ‘the 


juice of wild lettuce and its leaves macerated 
with Attic honey” The prescription was based 
on the myth that eagles eat wild lettuce and 
the knowledge that they have sharp eyesight 
—thus, a salve made of lettuce must be good 
for weak eyes. The drawing is from a book of 
medicinal plants that also prescribed piq dung 
and herb ointment for scrofula. and qgladiola 
with goats or ass s milk for internal pains 
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optimistic hieroglyphic message that describes the remedy as “really ex- 
cellent.” And the Egyptian ointment for baldness, a condition whose 
cure still eludes medical science, was equally useless: “Fat of lion, fat 
of hippopotamus, fat of crocodile, fat of cat, fat of serpent, fat of ibex....” 

These recipes are taken from a papyrus written about 1550 B.C. 
Strangely enough, equally picturesque and equally ineffectual reme- 
dies continued to crowd the pages of medical texts for nearly 3,500 years 
more—almost down to the 20th Century. With hindsight, it is easy to 
chuckle over the gullibility of physicians and patients of past ages. Yet 
considering the difficulties faced by drug-makers during most of human 
history, the wonder is not that most of their remedies were useless but 
that any were at all useful. 

In the first place, the physician did not really know what he was treat- 
ing—or what he was treating it with. Until the advent of modern physiol- 
ogy, nobody could know what a disease did to the body; without modern 
analytical chemistry, the Egyptian or Greek or even 18th Century physi- 
cian could know only in the most general way the contents, let alone the 
strength, of his prescriptions. 


The touchy business of testing drugs 


However, the physician's lack of scientific knowledge, though a very 
real handicap, was not the significant factor in his inability to develop 
useful drugs. The physician, after all, was no more scientifically igno- 
rant than any other craftsman. The swordsmiths of Damascus and To- 
ledo knew as little of metallurgy as their medical contemporaries did 
of pharmacology—yet they hammered out blades that were very nearly 
as good as the best we can produce today. The chief reason why drug- 
making was, and long remained, perhaps the most backward of the 
crafts lies deeper, in the profound difficulty of assaying the effects of any 
drug. This difficulty still forces today’s pharmacologists, with all their 
knowledge, into elaborate and sophisticated procedures to determine 
the value of drugs, new and existing. And even these meticulous test 
methods on oceasion yield erroneous or ambiguous answers. 

In modern terminology, what misled the Egyptian physicians, and 
their successors for some dozens of centuries, were two phenomena: 
spontaneous recovery and the “placebo effect.” Both benefit human well- 
being by alleviating illness, but both complicate medicine because 
they occur illogically and erratically. 

The first term, spontaneous recovery. refers to the fact that the ma- 
jority of diseases are self-limiting. That is. the patient, treated or not, 
will sooner or later get well. In such disorders—which are estimated to 
account for at least 75 per cent of human illness—it is impossible, with- 
out modern scientific methods, to say whether the patient recovered be- 
cause of the treatment or in spite of it. 

Even more confusing to drug-makers is the placebo effect, the seem- 
ingly miraculous eures worked by prescriptions that, according to any 
scientific criterion, are utterly worthless. The word placebo comes from 


the Latin verb meaning “to please” and is classically defined as any 
medicine adapted to benefit the patient by pleasing him. It has been 
demonstrated on countless occasions that a placebo, a “medicine” con- 
taining harmless and inactive ingredients, can relieve anxiety and ten- 
sion, and alleviate pain—even the acute discomfort from major surgery. 
Moreover, it can cause or cure nausea or diarrhea, reduce stomach acidi- 
ty, even “cure” the common cold. 


Senseless prescriptions that work 


Significantly, the curative value of the placebo effect has been found to 
be most widespread among people who are both uneducated and deeply 
religious. Considering that for most of human history the great majority 
of people fell into this category, it is apparent that even the most non- 
sensical prescription often did cure the patient, if he was curable at all. 

When these difficulties in assaying the true worth of drugs are added 
to the abysmal state of science, it is easier to understand why only a 
small minority of ancient prescriptions, out of the hundreds that have 
come down to us, were pharmacologically effective, and produced by 
their own action some significant change in the patient’s body. Almost 
all of the effective preparations were designed to produce changes that 
were immediately and conspicuously noticeable to physician and pa- 
tient alike. And only a very few of this already small group were both 
effective and appropriate, in the sense that the changes they produced 
were truly beneficial. 

Most of this last select group were drugs to relieve pain and discom- 


fort. The Egyptians used the juice from poppy seeds—a crude form of 


opium—to soothe crying babies (paregoric, an opium preparation, is still 
used for colicky infants, and morphine, the active ingredient of opium, 
remains the most widely used reliever of acute pain). The Greeks added 
decoctions of mandrake, one of whose active ingredients, the alkaloid 


scopolamine, was employed until quite recently to ease the pangs of 


childbirth. The Greeks also discovered that an infusion of the autumn 
crocus could end the agony of gout (purified, it is still used for this pur- 
pose), and that extracts of willow bark could reduce fever (a job that 
a remote descendant, aspirin, still does as effectively as any drug we 
know). The Arabs contributed various forms of mereury as a cure for 
scabies (popularly known as “The Itch”); these remained in use until 
fairly recently, when they were replaced by safer preparations. 

Among the ancient remedies that were conspicuous in their activity, 
but often less than beneficial, were the purges and emetics. The Egyp- 
tians, for example, used castor-oil seeds to “expel the disease in the 
belly”; this is perhaps the first record of the theory, still held by some 
people, that the first thing to do in ease of illness is to “clean out the 
system.” Modern physicians know that purges and emetics are seldom 
beneficial and at times even harmful. In most cases, therefore, these 
harsh potions—along with the dozens of purely magical recipes—must 
have served as simply placebos, though very active ones. 
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It was the conspicuously active drugs that won favored places in the 
papyruses, parchments and crudely printed books that record the mil- 
lennial fallacies of prescientific pharmacology. For a placebo to exert its 
full effect (and, presumably, for the physician to collect his full fee) the 
patient needed to be impressed with the fact that something was being 
done for or to him. Purges and emetics obviously had this quality in full 
measure. So did the innumerable horrid-tasting potions that have made 
the phrase “take one’s medicine” a byword for accepting an unpalatable 
but necessary situation. So, too, did dozens of odoriferous prescriptions 
containing human or animal excrement or such substances as asafetida, 
whose name means “stinking gum.” 


When drugs were gems 


These psychologically if not pharmacologically beneficial preparations 
did well enough for the ordinary citizen. The upper classes, however, 
wanted something more for their money. For them, “impressive” tended 
to mean “costly —as indeed it often still does. Thus one Bulleyn. an Eng- 
lish physician who in the reign of Henry VIII enjoyed the equivalent 
of a modern “society practice.” described a remedy containing “two 
drachms of white perles, two little peeces of saphyre ... emerauldes... 
thin peeces of gold and silver.” Kings and noblemen, said the doctor, 
“have used this for their comfort.” 

The inveterate desire of kings, noblemen and ordinary folk for potions 
that would heal, soothe or stimulate made drugs no inconsiderable fac- 
tor in commerce and, at times, in history. The spices—cloves, cassia and 
“lucent syrops tinct with cinnamon’’—for which Vasco da Gama rounded 
Africa and Columbus fared forth across the Atlantic were valued as much 
for their supposed medical virtues as for their culinary properties. Not 
much over a century ago, England fought two wars with China to keep 
the opium trade going. And it was a dispute over tea (which owes its 
stimulating properties to the drug caffeine) that helped launch the 
American Revolution. 

As articles of commerce, drugs were no less subject to fads and fash- 
ions than were other commercial products. A new drug was often im- 
pressive—and therefore psychologically effective—because it was new. 
But familiarity sometimes bred pharmacological contempt. In another 
of his witty observations, made at the beginning of this century, Osler 





THE HORN OF THE UNICORN. a mythica! 


pas fas believed in medieval ar 

sae ag dl to ribet pine healing said that “one should treat as many patients as possible with a new drug, 
powers Fake “unicorn’s horns” — elephant or while it still has the power to heal.” 

rhinoceros tusks. in reality—commanded hiah 

seth Galheecarmatad Handi twee tie Amid fashions and fantasies, the list of truly useful drugs expanded 
restore failing strength. scrapings presumably —but at a very slow pace. As late as 1860, the American physician and 
Ce eae, howe vila ease ., author, Oliver Wendell Holmes, could still declare that except for “opium 
horns were used as drinking cups by kings ... Wine ...and the vapors which produce the miracle of anesthesia—I 
Sele A pte vcd te cue cote i, firmly believe that if the whole Materia Medica, as now used. could be 
Great Plague of 1665 sunk to the bottom of the sea. it would be all the better for mankind— 


and all the worse for the fishes.” ' 
Dr. Holmes, in his eloquent disgust. was a trifle unjust to the pharma- 


14 


cology of his day, for he must have known of other drugs that had 
proved their value. But not very unjust; most prescriptions still depend- 
ed for their efficacy on the misplaced faith of doctor and patient, and 
if faith failed, so did the drug. Yet even as Holmes penned this indict- 
ment, a revolution was underway in pharmacology and related sciences. 
Ether and nitrous oxide, the anesthetic vapors that he mentioned ap- 
preciatively, were themselves products of that revolution—specifically, 
of the developing science of chemistry, which was already purifying old 
drugs and synthesizing new ones. Simultaneously, the new sciences of 
experimental pharmacology and physiology were developing ever more 
exact ways of appraising the effects of drugs in living organisms. 

The drug revolution can be said to have started in 1806, when a Ger- 
man apothecary, Friedrich Wilhelm Adam Sertirner, isolated from opi- 
um some bitter, colorless crystals. These he described, correctly, as “the 
specific narcotic element of opium.” This isolation of morphine, soon 
followed by the isolation of other pharmacologically active compounds 
such as strychnine and quinine, made possible the partial lifting of the 
veil that until then had obscured the physician's view of drugs. At last 
the doctor could know precisely what he was giving his patient. No 
longer was he forced to rely on some brew of herbs and roots, hetero- 
geneous in composition and uncertain in strength; henceforth he could 
administer measured doses of some specific substance. 

Even more important than the rise of pharmaceutical chemistry was 
the development of sound methods for evaluating drugs. Though many 
men contributed to this advance, its leaders were two Frenchmen, 
Francois Magendie and Claude Bernard. They, along with researchers 
in other lands, worked out the basic techniques, still used today, for 
determining what drugs do in the body of an animal or a man. 


Poisons that save lives 


It was Bernard, sometimes called the “father of experimental physi- 
ology,” who summed up the ambiguous relationship between poisons 
and drugs. At the same time, with true French clarity and terseness, he 
summed up the task of all the pharmacologists who followed him. 

“Poisons,” said Bernard succinetly, “can be employed as agents of 
life’s destruction or as means for the relief of disease.”” But in addition, 
he continued, “the poison becomes an instrument that dissociates and 
analyzes the most delicate phenomena of the living machine.” 

Today’s pharmacologist, though he dispenses far more of such poisons 
than Bernard ever dreamed of, employs them precisely according to this 
definition. Seeking new means “for relief of disease.” he also searches 
for safeguards against chemical “agents of life’s destruction.” But even 
more important, he sees his drugs as ever more precise instruments, 
which by their selective effects on individual parts of the body, reveal 
how those parts work and analyze “the most delicate phenomena” of liv- 
ing organisms. For he understands what Bernard understood: we can 
preserve life only to the extent that we comprehend it. 
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TRAVELER AND TRADER, Marco Polo 
brought back two durable drugs. camphor and 
rhubarb. when he returned to Venice from 
China after 25 years at the court of Emperor 
Kublai Khan The 13th Century merchant and 
explorer is pictured above on the title page of 
a medieval German edition of his famed 
travelogue. which tncluded glowing 
descriptions of qreat forests of camphor trees 
in southwestern China Both camphor and 
rhubarb are still in use as drugs today. the 
former aS a counterirritant to burns and itches 
the latter as a laxative 


The Pharmacist's 
Ancient Art 


Of the millions of people who reach every day for the aspirin 
bottle or the bicarbonate of soda, probably not one in ten 
thousand realizes that he is using a remedy that is, in essence, 
scores of centuries old. Long before the era of modern science, 
ancient physicians had built an extensive pharmacopoeia, 
consisting mostly of fantastic concoctions of no therapeutic 
value but including some substances that medicine still relies 
on. The Egyptians of Pharaoh’s time knew that castor oil was 
a laxative; the Babylonians were the first to use deadly bel- 
ladonnato relieve the spasms of coughing; the ancient Chinese 
discovered that liver and iron cured anemia. 

The great Greek physicians, like Hippocrates, collected 
and prescribed the most efficient drugs of older civilizations 
and in turn passed the knowledge along to Rome, which gave 
the world standardized prescription drugs and the first drug- 
store. In the Middle Ages Arabian alchemists applied their 
skills to the making of drugs, and many of their discoveries 
—distilled alcohol, vegetable extracts—survived to stock 
the shelves of 17th Century pharmacies like the one oppo- 
site, alongside such older and often bizarre ingredients as 


erushed pearls, powdered wolf's teeth and ground mummies. 


A 17TH CENTURY DRUGSTORE 


This busy Paris pharmacy. shownina 1624 il macist stands at the left with his prescription 
lustration. prepared all of its medicines from a book. while an apprentice uses a mortar and 
floor-to-ceiling stock of drugs stored in dec- pestle to compound a remedy for one of the 


Orative boxes. urns and canisters The phar fashionably attired customers at the counter 
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Drugs of the 
Ancient World 


The earliest record of man’s use of 
drugs is a 4,000-year-old clay tablet, 
on which an unknown Sumerian list- 
ed a dozen remedies for unspecified 
sicknesses. About 500 years later, an 
Egyptian physician recorded about 
$00 remedies containing more than 
700 drugs. One of his preseriptions, 
administered to children for exces- 
sive crying, contained poppy seeds— 
the source of the opium contained in 
paregoric—and the excrement of flies. 
The priestly physicians of Egypt ad- 
ministered drugs in at least 14 differ- 
ent forms, from pills to poultices, and 
special ointment kitchens (below) 
mixed drugs with animal fat to pro- 
duce medicinal salves. 

The logical Greeks, among the first 
to attempt a practical evaluation of 
medical treatments, discarded many 
of the drugs they had inherited. Hip- 
pocrates limited himself to only 260 
types including squill, an effective but 
now outmoded heart stimulant. The 
Greeks also scoured the Mediterrane- 





an world for drugs like highly touted 
silphium from North Africa (right). 

Rome brought its genius for organ- 
ization to the gathering, preparation 
and sale of Greek drugs. Detailed pre- 
scriptions, calling for precise quan- 
tities of specific ingredients, were 
scrupulously compounded. 

Far beyond Rome’s world, other 
great civilizations had also evolved 
extensive pharmacopoeias. The leg- 
endary Chinese Emperor Shen Nung, 
who ruled perhaps 48 centuries ago, 
put together the Pen T’sao, in which he 
rated 365 herbs as superior, mediocre 
or inferior. One of the best was a 
shrub now known as Ephedra sinica, 
used for lung ailments. It is the source 
of ephedrine, effective against asthma 
and other allergic conditions. 

Less is known of the drugs used by 
pre-Columbian civilizations in Amer- 
ica, but at least one—the pain-killing 
coca leaf—is still chewed by Peru- 
vian Indians as their Inca ancestors 
did 14 centuries ago (opposite, below). 


or *4. 


An Egyptian tomb painting of an ointment kitchen shows. from the left. men crushing drugs with mortar and pestle, shaping the ointment 








ELEGANT DRUG CONTAINERS 


handsome 


MEDICINE AS PRECIOUS AS GOLD 

A Sixth Century BC Greek bowl illustrates 
the weighing and loading of precious sil 
phium on board a ship under the watchful 
eye of King Arkesilas of Cyrene Silphium 
was a carrotlike plant used as a cathar 


tic and said to be worth its weraht in qold 


apothecary jar at the right. tro 


>; by two aqreat civilizations 





Inca chalice | 





y of the 14th to 17th Cent 











been copied from an earlier Arabia: } all 


source of the drug « chewed by 
tion-seeking pnests around 500 AD 


The Chirese 


were highly prized in Europe for storage of liq 


and melting drugs in a pot of boiling animal fat chewer forms its handle 


albarello lars made of nor pol , 


ulds and syrups until well into the 19th Century 
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Dioscorides, depicted in 


em aarb in this Ara 
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lustration. explains the properties of mandrake, a plant often used as a pain-killer 


The Heritage 
of Dioscorides 
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The knowledge of drugs accumulated 
by the Greeks and Romans reached 
Arabia during the Middle Ages largely 
through the works of Dioscorides (op- 
posite, reght). He was a Greek who 
served with the Roman legions dur- 
ing the First Century and traveled 
the Roman Empire from Spain to 
Asia Minor. Wherever he went, Dios- 


corides investigated the properties of 


local plants that might be useful as 
drugs. This information was even- 
tually published in his five-volume 
work, De Materia Medica, which be- 
came the basic catalogue of drugs and 
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their effects for the next 15 centuries. 

With the fall of Rome, the heritage 
of Dioseorides traveled eastward, 
first to Byzantium and then to the 
Near East, where Arabic translations 
helped make Moslem physicians su- 
preme in the Middle Ages. Baghdad 
became the world’s leading medical 
and drug center, and the Arabian 
Nights, deseribing the ample stock of 
one of the city’s drugshops, listed 
“precious flasks... balms... salves 

. powders ... syrups held in erys- 
tal... pomades made up of the sap 
of three hundred rare kinds of herbs.” 
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A cramped open-front drugstore, typical of 13th Century Baghdad. displays its wares in glazed earthenware pots and leather pouches 
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The Golden Age 
of Arabian Drugs 


As Arab alchemists brought their 
technical skills to bear on the old 
remedies of Greece and Rome, the art 
of drug making began to evolve into 
the science of pharmacology. During 
the golden age of Arabian drugs, the 
Eighth to the 13th Centuries, these 
skilled men produced a new constel- 
lation of extracted, distilled and fer- 


mented drugs that provided concen- 

trated, purified medicines. One of © 
these potions, prescribed “for ca- 
tarrhs, coughs, swelling of the belly, 
and loosening of the stomach,” is 
shown being made below. The ingre- 
dients—myrrh, iris, white pepper 
and anise—are pounded to powder, 
tied in a rag and left to soak and fer- 





ment for three days in a jug of wine. 
The wine is then strained out (cen- 
ter) and “drunk after exercise.” 
While the Arabian experiments pro- 
vided effective new formulas, they 
also produced many nostrums as im- 
practical as the worst of the Egyp- 
tianremedies. For example, Avicenna, 
the great Arab physician who success- 


fully used mereury ointment for skin 
diseases, prescribed thin coatings of 
gold or silver on his pills—an ele- 
gant but hardly therapeutic addition. 
Nevertheless, medicine owes much 
to the Arab pharmacopoeia of more 
than 2,000 drugs, which became avail- 
able to Western physicians as Eu- 
rope emerged from the Middle Ages. 
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DRUG DISPENSERS OF EUROPE 
13th Century Ve 


vineqar 


In his druqshop fabove/, a 


netian pharmacist dispense: syrup to 


be drunk on the spot Two centuries later, a 


German pharmacist (below, standing) and his 


assistant take inventory of the shop's druqs 


ranked in ther labeled 


rypti ally 


containers 





The First 
Pharmacies 
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An illustration from one of Guy de Chau 


The introduction of Arab drugs into 
(hristian Europe late in the Middle 
Ages brought into being a 
the pharmacist—to 
and dispense them. As early as the 


new spe 


clalist prepare 
Lath Century, Venice was studded 
like 
where a 


with tiny, open-fronted shops, 
left. 


bad 


the one at the upper 


man suffering from a cough or 


qaysentery could obtain a soothing 
draught of medicine prepared to the 
exact formula devised by the Arabs. 





published in shows 


l4th and 15th Cen- 


turies, the drugshops evolved into 


uring the 


the larger enclosed pharmacies that 
became the centers of medical prac- 
tice in European cities. Doctors met 
their patients at the local pharmacy. 
There, also, the ailing could seek rem- 
edies from a pharmacist—who often 
prescribed the drugs he dispensed. 

Not all physicians were willing to 


accept the independent pharmacist 


as a reliable supplier of drugs. The 


this fam 


rgeon (center) in his Paris clin 
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brilliant 14th Century Frenchsurgeon, 
Guy de Chauliac, urged physicians 
to compound their own medicines, 
and to carry some with them when 
they visited the sick. De Chauliac 
included a private herb garden and 
pharmacy in his Paris elinie (above 
The prescript ion book appeared on 
the pharmacist’s counter by the end 
of the 15th Century (lower left) and 
formalized a relationship between 
prescriber and dispenser that still 


directing his personal herb gardener and pharmacist to prepare the ini 


exists. Then, as now, physicians used 
Latin shorthand to specify drugs that 
might range trom. terra siqillata 
“sacred earth’ brought from the isle 
of Lemnos for use against diarrhea 
to such weird CONCOCTLIONS AS sp) 
huma 


hus anteprlepticus SOMGQUMENTS 


ni. A liquid distilled 
blood mixed with angelica water and 
il WAS 


from human 
a solution of peony blossoms, 
frequently preseribed as a remedy for 
asthma, apoplexy, palsy and epilepsy. 





Symbols of “Heal the sick, cleanse the lepers, 


raise the dead. cast out devils.” 


a Powertul Faith Matthew 10:8 


Christ's instructions to his disciples 
above), established the Christian 
church as the healer of body and soul, 
and made it an important influence 
in medicine from medieval to modern 
times. As early as the Sixth Century, 
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the monasteries had become the re- 
pesitories of medical knowledge in 
Europe. Using bits of information 
gleaned from salvaged Greek and Ro- 
man texts, the monks produced ex- 
cellent drugs from such homegrown 
herbs as peppermint, fennel and mus- 
tard. By the 14th Century, every siz- 
able monastery had not only its own 
hospital and physician, but often a 
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THE HEAVENLY PHARMACY 
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well-equipped pharmacy as well. The 
monk-pharmacists were the first to 
distill liqueurs like the famous Bene- 
dictine for digestive and respiratory 
ailments. 

The strong link religion 
and medicine, still evidenced by re- 
ligion-affiliated hospitals, 
missionary groups and 


between 


medica] 
nursing 
ders oi nuns. was forged during 
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that reads Come here and buy A 
gd for nothing Lhorist is SNOW! Ss 
tne opodagy and spirit in tni alleac } hr) 
German artist in 1731 The 
ers onthe counter are labeled fait! if 
ience, contentment. help and 


Middle Ages. Some of the best phy- 
siclans of that period were bishops 
who could prescribe both physical 
and spiritual remedies. For believers, 
both were potent medicines; retlect- 
ing this conviction, drugs of the spirit 
are prominent in ancient portrayals 
of Christ as a pharmacist 
decoration found in many European 
pharmacies up to the 18th Century 


hy lou — 


A ~ a ee ee 
—_—— = —. 


ao 








A PRESCRIPTION FOR MANKIND 
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A drug quilds shield adorns this old tile 


New Drugs 
from Old 


by the 17th Century, the first. stir- 
rings of seientific progress in drugs 
could be felt in European pharma- 
cies like the one at right. They still 
purveyed many of the roots used 
since ancient times as medicines, 
but distilled extracts of plants and 
minerals were turning numerous old- 
er remedies into unwanted “drugs 
on the market.” 

Well-equipped 17th Century phar- 
macies contained not only the tradi- 
tional mortars and pestles, but also 
equipment like alembies and = con- 
densers for distillation. Pharmacies 
were the first laboratories of scien- 
tific chemistry, producing such dis- 
COVETIES as phosphorus and fluorine. 

Under the rigorous supervision of 
powertul guilds like the Worshipful 
Society of Apotheearies of London, 
Whose emblem appears on the pill 
tile above, 17th Century pharma- 
cists became pecialists In the mak- 


ing of both galenical drugs—pure 
extracts of ve l es, like carrot onl 

and chemic: | if | . at smelling 
salts, made by combining ammoni- 
umn carbonate WIL! mi mia water. 

Today only the ghos! many old 
drugs remain, their es tial ingre 
dients chemically isolated into the 
alkaloids, glucosides d amines of 
modern medicine’s superior drugs 
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IN A DUTCH DRUGSTORE 
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A WOODEN PHARMACIST 

This life-sized wooden figure of an apprentice 

oharmacist once served as a house sign outside 
viss pharmacy Although such figures are 

now museum cunrosities, the mortar and pes 

tle used to grind and mix various ingredients 


have remained a universal symbol of pharmacy 
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A Heritage 
of Ancient Drugs 


Eveninthis age of man-made miracle 
drugs, medicine is still using effective 
drugs derived from ancient herbs like 
the ones shown on these pages, each 
linked with its present-day role. 

Some of these drugs once had sin- 
ister reputations. The Roman Kkm- 
peror Claudius was poisoned with 
belladonna, Hamlet’s father with 
henbane and Romeo with aconite. 
But mild dosages of belladonna and 
henbane are now valued for their 
muscle-relaxing effects, while aconite 
has been used as an ointment to re- 
lieve the acute pain of ailments like 
neuralgia and rheumatism. 

Another ancient poison was mead- 
ow saffron, known to the Romans as 
Colchicum autumnale (autumn ecro- 
cus). From it comes colchicine, useful 
in treating gout and arthritis. 

In medieval times, physicians knew 
that squill, an onionlike plant found 
near the Mediterranean seashore, was 
a good heart tonic, They did not know 
they had an even better heart stimu- 
lant, digitalis, employed chiefly as an 
external remedy for skin conditions 
until the 18th Century, when it was 
first used to treat heart disease. 

One of the best of the old drugs is 
einchona which, like ipeeac, was in- 
troduced into Europe from South 
America in the 17th Century. The 
powdered bark of a Peruvian tree, 
cinchona was exported in large quan- 
tities once colonists realized its re- 
markable ability to halt the recurrent 
high fevers of malaria. Not until the 
19thCentury did scientists isolate from 
cinchona one of its active ingredients, 
quinine, prescribed for malaria today. 
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Alcohol: 
The Oldest Drug 


A basketful of purple grapes from Burgundy 
France Stands ready for processing into wine 
Its production of 1 6 billion gallons of wine an 
nually makes France a major source of alcohol 


the worlds oldest and still most popular drug 
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THE MOST WIDELY USED DRUG in the world is not aspirin, nor penicillin, 
nor any other substance commonly prescribed by physicians. It is a ma- 
terial of only minor medical importance, yet it is consumed daily by tens 
of millions of people, sometimes in dangerous quantities, and on ocea- 
sion by hundreds of millions more. Indeed a large majority of the world’s 
people have probably partaken of it, or will partake of it, at some time 
during their lives. 

This drug is a colorless, volatile liquid known to the chemist as etha- 
nol, or ethyl aleohol, but to almost everybody else it is simply aleohol. 
Because of its widespread use—and abuse—it is the object of intensive 
study by many medical scientists. And the extensive nature of this re- 
search makes it possible to draw a full-length portrait of the drug that 
can serve as a case study of how any drug is investigated scientifically. 
For the questions a pharmacologist asks about alcohol and the kind of 
answers he gets have close parallels in all drug research. 

On several counts alcohol deserves first place in any discussion of 
drugs. Not only is it one of the most common of all drugs, but it is better 
understood than most. It is almost certainly the oldest drug, and _ per- 
haps the most important. 

Aleohol has been produced and consumed by man since before the 
dawn of civilization. Every civilized or uncivilized people on earth today 
that lives by farming produces some form of alcoholic beverage. These 
potables are fermented from grain (beer, whiskey), potatoes (vodka), 
fruit juices (wine, cider), honey (mead) and half a dozen more exotic 
substances. Even food-gathering tribes ferment alcoholic beverages, and 
some anthropologists have suggested that the very invention of agricul- 
ture may have been stimulated as much by a desire for alcohol as by the 
need for a more copious food supply. 

Certainly in the earliest civilizations, alcohol was accorded a place 
little, if at all, inferior to that of the basie food, bread. The very first 
written documents that have been found, a collection of clay tablets 
dug from a mound in Mesopotamia and dating from about 3000 B.C., 
include alcohol in a wage list: what seems to be a series of proper names 
is followed by the notation: “Bread and beer for one day.” In the tomb 
inscriptions of ancient Egyptian notables, one of the commonest boasts is 
“I gave bread to the hungry, beer to the thirsty... .” 

Ancient civilizations and their barbarian neighbors alike enjoyed al- 
cohol—often to excess. As early as the First Century A.D., the Roman 
naturalist Pliny the Elder sourly observed that “in no part of the world 
is drunkenness ever at a loss.” Subsequent explorers, though they enor- 
mously expanded the known world of Pliny’s day, seldom failed to find 
alcohol at the end of their quests. In the 16th Century, Bernal Diaz del 
Castillo, a companion of Cortes in the Spanish conquest of Mexico, de- 
scribed that land as “full of Magueys {a large, tleshy-leaved plant], from 
which they make their wine.” Mexicans still consume quantities of ma- 
guey “wine,” called pulque, as well as its distilled essences, such as 
tequila. Some 250 years after Cortes, Captain James Cook sailed into 





*-* 
~~ 
“-* 


-—~ 





MEDIEVAL DRUG PREPARATION, although 


it rehed on crude methods. attempted to 


produce uniform dosages These illustrations 
from a 14th Century manuscript of the 

works of Avicenna. the famous Arab 

physician. show how pharmacists compounded 
medications with mortar and pestles (fop/ and 
rolled pills by hand (center! to provide doses 
of roughly equal size for the patient {bottom 
Methods little different from Avicennas were 
common practice unti 20th Century 


the South Seas and found the Polynesians in their idyllic islands imbib- 
ing kava, fermented from a variety of pepper. A generation later, the 
great English explorer Mungo Park, pushing his caravan into the Sahara, 
was entertained by African tribesmen with “a liquor which tasted .. . 
much like the strong beer of my native country (and very good beer, 
.. There is no country in the world today—including those where 
alcohol is officially forbidden or frowned on—in which the drug is not 
consumed. Americans imbibed some 212,245,000 gallons of aleohol in 
1965—2.27 gallons (equivalent to 182 quarts of beer or 36 pints of 100- 
proof whiskey) for every man and woman over 16. 

The reasons behind the worldwide importance of alcohol are to be 
found in its actions in the human body. For alcohol, more than for most 
other drugs, these actions can be explained in some detail. There are rea- 
sonably certain answers to the basic questions that the pharmacologist 
asks about all drugs. What organ or organs does it affect, and how? 
Does it speed up the heart or retard it, stimulate the brain or depress it, 
accelerate or retard the waste-eliminating action of the kidneys? What 
permanent changes does it cause? How does it get into—and out of—body 
tissues? And most important of all, how is each of these actions related 
to the amount of the drug consumed: in the pharmacologist’s own 
phrase, what is the dose? 


too). . 


How alcohol really works 


In the case of alcohol, general answers to these questions are simple 
to find. Its direct actions in the body seem to be limited strictly to one or- 
gan: the brain, which controls the body’s other activities. On this organ, 
it acts as a depressant, not as the stimulant it is commonly believed to 
be. Unlike true stimulants, such as caffeine or amphetamine, alcohol 
retards rather than accelerates the brain’s control mechanisms. Its de- 
pressant action, depending on the dose, ean cause mild or serious mental 
disorganization, loss of muscular control (most conspicuous in the ine- 
briate’s slurred speech and staggering gait), sleep, coma and even death. 

For a more precise picture of what alcohol does in the body, it is neces- 
sary to examine the question of dose. A doctor, in prescribing a drug, 
obviously needs to know how much of it will produce the desired effect 
on the patient, how much more will make him seriously ill, how much 
more will kill him. But the answers to these questions are seldom un- 
equivocal. The effects of a given amount of a given drug will depend on 
the size, physiology and state of health of the person receiving it, and on 
other things as well. 

The simplest measure of dosage is furnished by the bloodstream be- 
eause aleohol, like most drugs, is carried to its target in the body by the 
blood. Moreover, the effects of varying amounts can usually be related to 
the concentration of aleoho! in the blood. 

The effects of aleohol become noticeable, at least in the drinker’s be- 
havior, at a concentration in the blood of around .05 per cent—five parts 
of aleohol to ten thousand parts of blood. At .10 per cent, intoxication 


is noticeable in the form of loud or slightly slurred speech and uncer- 
tain equilibrium; at .15 per cent, the drinker is legally defined as “un- 
der the influence of alcohol,” meaning that his ability to drive a car safely 
is considered to be significantly impaired; at .20 per cent, he will be 
staggering; at .30 per cent, he may be unable to stand. By .40 per cent, if 
not sooner, he will probably be unconscious—and will therefore hardly be 
in a position to raise the level further. However, a few determined drink- 
ers have managed this—often with fatal results. Some years ago, a Chi- 
cago commuter boasted to some barroom companions that he could 
swallow 17 martinis in less than an hour. He did—but the 17th proved 
to be his last drink, for he dropped dead after swallowing it. An alcohol 
blood level of .50 to .60 per cent is almost invariably fatal. These figures 
are, of course, averages. People vary in their response to drugs as they 
do in height, intelligence and temperament. Quite apart from individual 
idiosyncrasies, a number of other factors influence the complex connec- 
tions between alcohol effects and dose. The results of a given dose of 
alcohol depend on the route it takes to the bloodstream, the speed at 
which it travels, the other substances it meets along the way and even 
the size of the body it is moving through. 

The route followed by alcohol is, of course, indirect. It is swallowed 
and reaches the bloodstream by way of the gastrointestinal tract, its 
first stop being the stomach. There, part of it passes into the blood ves- 
sels of the stomach wall. How much is absorbed in this way, and how fast, 
depends mainly on how dilute the alcohol is. A glass of beer (4 per cent 
or more alcohol) or a dilute highball (10 to 20 per cent) are absorbed 
much more slowly than a straight shot of whiskey (43 per cent) and 
therefore produce far less of an immediate effect. 

The greater part of the alcohol is not absorbed in the stomach at all, 
but must wait until it passes into the small intestine. There its absorp- 
tion, in the words of one writer, is “rapid, constant and complete.” Thus 
a major factor in how rapidly ingestion is followed by intoxication is how 
rapidly the alcohol passes from the stomach to the intestine. 


Well-pickled herring in Russia 


Food slows this passage—particularly proteins and fats, which being 
less easily digested remain in the stomach longest, together with any al- 
cohol mixed in with them. The Russians. known for their consumption 
of potent potations (some varieties of vodka contain as much as 72 per 
cent alcohol), often cushion the effect by interspersing their explosive 
drinks with mouthfuls of herring, sausage or caviar—all prime sources 
of fats and protein. 

Oddly enough, Russians may receive additional protection from the 
very robustness of their national! drink. At concentrations above 40 per 
cent, alcohol is actually absorbed more slowly in the stomach. Moreover, 
high-proof liquors irritate the pyloric valve that acts as a gate be- 
tween stomach and small intestine; on contact with really fiery drinks, 
the sensitive valve closes, keeping the drug out of the small intestine 
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and thereby still further slowing the intoxicant’s absorption by the body... 

Carbon dioxide, on the other hand, speeds up the passage of al- 
cohol into the intestine. It is dissolved CO2 that gives champagne its 
extra kick and makes whiskey mixed with carbonated soda more imme- 
diately potent than a whiskey and water highball. 

The final complication in assaying the dose of alcohol comes from the 
fact that once it gets into the blood it immediately begins to be removed 
from the body. When straight whiskey is swallowed on an empty stom- 
ach, nearly all the alcohol is absorbed in a matter of minutes, almost 
before the body has time to begin eliminating it. The same amount of al- 
cohol diluted in beer might be consumed and absorbed over an hour or 
more—during which time a sizable proportion of it would be eliminated. 

Since the dose of aleohol depends on the drinker, the drink and the 
circumstances, the effects on an individual of a given amount of drinking 
cannot be predicted with accuracy. But much more is known about how 
those effects are produced. Aleohol’s action is highly selective. Even in 
stupefying concentrations, it seems to exert no direct effect on any organ 
except the brain. And even there, its effects are selective. Small concen- 
trations of aleohol depress the reticular activating system, the part of 
the brain that alerts the cerebral cortex—the thinking and learning 
portion of the brain that integrates its activities. Freed from control, the 
cortex begins to function in a less organized manner. Activities requiring 
alertness, such as driving, or concentration, such as adding a column of 
figures, are carried out less efficiently. At the same time, ideas and im- 
ages may flow more freely, if less coherently. 


Whiskey s phony glow 


Also affected at this point are two other portions of the brain; those 
controlling the blood vessels and the kidneys. In the circulatory system, 
alcohol causes the capillaries that are located just under the skin to di- 
late so that they can carry more blood. The skin, flushed with warm 
blood, feels warmer. So does the drinker—but this, like many effects of 
alcohol, is an illusion. In fact, body temperature does not rise but falls, 
because much internal heat is carried by blood to the skin and dissi- 
pated there. Despite the folklore of the St. Bernard dog who brought com- 
fort with his keg of brandy to travelers marooned in snowdrifts, alcohol 
has never kept anyone warm in cold weather. Indeed, in really cold 
weather it can lead to dangerous chilling. In hot climates, by contrast, 
the loss of body heat can be a boon. The Empire-building Englishmen in 
the tropics who went out in the midday sun preserved their British sang- 
froid with the aid of innumerable brandy-pegs, gin-and-tonics and Singa- 
pore slings. As a result of habitual heavy drinking, the dilation of the 
tiny capillaries can become permanent, producing the drunkard’s tradi- 
tional flushed face and cherry nose. The retired Indian Army colonel, a 
cliché of British literature, did not owe his fiery complexion to sunburn. 

Alcohol’s effect is as marked on the kidneys as on the blood vessels. 
It depresses a center in the brain that normally slows the kidneys’ excre- 


tion of water. The result is reflected in the famous remark of the 
comic porter in Shakespeare’s Macbeth, who described drinking as a pro- 
voker of “nosepainting, sleep and urine.” 

In slightly higher concentrations, aleohol extends its domain in the 
brain to the cortex itself. In the words of a standard text, “the finer 
grades of discrimination, memory, concentration and insight are dulled 
and then lost. Confidence abounds, the personality becomes expansive 
and vivacious, and speech may become eloquent and occasionally bril- 
liant. Mood swings are uncontrolled, and emotional outbursts frequent.” 


The staggering effect of heavy drinking 


Still higher concentrations of aleohol depress more resistant parts of 
the brain. When the drug reaches the cerebellum, which controls muscu- 
lar coordination, the tippler’s speech becomes garbled and his gait uncer- 
tain. The next victims are the brain centers that control consciousness 
—at which point the drinker blacks out. The deepest and most primitive 
portions of the brain, which keep the heart and lungs operating, are for- 
tunately almost unaffected by any reasonable concentration of alcohol. 
Only the most determined and suicidal drinkers have managed to ingest 
enough of the drug to court death from heart or respiratory failure. 

While alcohol is fogging the brain into intoxication, it is simultaneously 
being removed from the body. At one time, it was believed that elimina- 
tion occurred entirely through the lungs, skin and kidneys, which dis- 
posed of the drug unchanged. This theory was exploded more than a 
century ago in a historic series of experiments by the great German sci- 
entist Justus von Liebig, one of the founding fathers of physiological 
chemistry. He showed that the drug combined with oxygen in the body, 
and was ultimately transformed into carbon dioxide and water. More- 
over, he pointed out, since this change, which is called oxidation, is al- 
ways accompanied by the production of energy, alcohol is a food as 
wellas a drug. In fact, we now know that a martini has about the same 
caloric value as a baked potato. 

Subsequent experiments have shown that von Liebig was not com- 
pletely correct. A small portion of the alcohol does leave unchanged in 
urine, sweat and exhaled air, but all the rest is, indeed, oxidized. The or- 
gan that begins this job—on alcohol and some other drugs—is the liver. 

The first step in the transformation of alcohol in the liver is the drug’s 
conversion into the compound acetaldehyde. This is even more toxic 
than alcohol. But luckily, acetaldehyde is itself transformed almost im- 
mediately into a harmless compound, acetie acid (the same substance 
that makes vinegar sour). At this point the liver’s job ends, for acetic 
acid can be utilized by almost any cell of the body. But the liver remains 
the bottleneck, since it is only there that the crucial first steps can take 
place. Any excess of aleohol—the overload that the liver cannot transform 
—continues to circulate with the blood, eventually causing intoxication. 

The body ean under no circumstances eliminate more alcohol than the 
liver can hand!e—about one fourth ounce an hour. If a person limited his 





COMPOSITION OF ALCOHOLIC BEVERAGES 


PER CENT 
ALCOHOL 


PER CENT 


BEVERAGE CONGENERS 


GIN. 90 PROOF 45 0039 
BOURBON, 86 PROOF 43 246 
RYE WHISKEY. 86 PROOF 43 111 
SCOTCH. 86 PROOF 43 0950 
BRANDY (COGNAC) 42 212 
RUM 40 0482 
VODKA. 80 PROOF 40 0026 


THE CONGENERS IN DRINKS, indicated in 
the table above, play a disputed role in causing 
hangovers. Hangovers are blamed on both 
alcohol and congeners— substances sometimes 
formed during fermentation. But congeners 
have been particularly implicated by a few 
Studies, such as those of Dr. Henry B. Murphree 
of the New Jersey Neuropsychiatric Institute 
He gave one group of volunteers drinks 
specially spiked with congeners and found that 
these people exhibited more hangover 
symptoms than did those in a control group 
given similar drinks with fewer congeners 


alcohol intake to this amount—about half a shot of whiskey or half pinte 
of beer per hour—he could drink indefinitely without getting drunk—if 
he enjoyed that kind of activity. But an intake even slightly exceeding 
the liver’s capacity will, sooner or later, build up to intoxication. 

The liver’s sluggish chemistry cannot be substantially accelerated by 
any of the traditional treatments for insobriety—vigorous exercise, cold 
showers or sweat-inducing Turkish baths. The only effective remedy for 
intoxication is time. But some symptoms of intoxication—such as sleepi- 
ness—can be alleviated by counteracting alcohol’s depressant effects 
witha stimulant, thus fighting one poison with another. Most common 
of the stimulants is caffeine, in the form of strong coffee; the ampheta- 
mines (“pep pills”) are also used. 

Once alcohol has disappeared from the body, its aftereffects are few. 
The “morning after the night before” has a powerfully unpleasant repu- 
tation—and a deserved one. Yet most discomforts of even the most mon- 
umental hangover are only partly caused by the drug alcohol, though 
they are entirely caused by drinking. 

The most common symptom—fatigue—has precisely the same cause as 
any other kind of fatigue: overactivity. Alcohol, though it does not banish 
fatigue, blocks off the mind’s awareness of it, so that the drinker is likely 
to continue carousing well past the point at which he would otherwise 
succumb to exhaustion and sleep. On sobering up, he feels tired because 
he zs tired. The pounding hangover headache, which Norwegians de- 
scribe graphically in a phrase that literally means “I’ve got carpenters,” 
is partly the result of fatigue (it can be brought on by overwork as well as 
overindulgence) but also of changes in brain fluids brought on by alcohol. 

The nausea that frequently accompanies a hangover is apparently due 
partly to aleohol but also to its “econgeners’—chemicals of various sorts 
that become incorporated into alcoholic beverages during their manu- 
facture. Liquors high in congeners, such as bourbon whiskey, are widely 
—and probably correctly—considered to have a greater “hangover po- 
tential” than congener-poor gin and vodka. 


The day after’s unslakable thirst 


What is probably the most universal hangover symptom of all, how- 
ever, is entirely caused by alcohol. This is the parched tongue and 
raging thirst that the French eloquently call “wooden mouth.” Alcohol 
not only speeds up excretion of water, which of course induces thirst, 
but also temporarily shifts some of the water remaining in the body from 
the interior of the cells to the so-called extracellular fluids. This partial 
dehydration of the cells affects the “thirst centers” in the brain, causing 
the hangover suiferer to feel more thirst than is warranted by his body’s 
need for water. 

Unlike many drugs, alcohol does not seem to produce cumulative 
changes in the body—apart, of course, from a certain degree of tolerance 
—so long as it is consumed in moderate amounts. Despite the ominous 
preachments of prohibitionists, there is no proof that a lifetime of 


moderate indulgence interferes with normal health. The habitual use of 
large amounts of the drug is something else again. Not only is it harmful 
to the personality, but the evidence of bodily damage is unequivocal. 
Cirrhosis, which destroys the working cells of the liver, is common among 
longtime heavy drinkers and is most often caused by alcohol. 

Even in moderate doses, alcohol can lead to serious and occasionally 
lethal effects when it is taken in combination with certain other drugs. 
These include some sedatives, such as the barbiturates, and many tran- 
quilizers. Such drugs, like aleohol, are depressants, and have an addi- 
tive effect when combined with it. Normally this is not very serious; a 
person who has been taking barbiturates or a depressant tranquilizer 
and begins to drink will simply get drunk more quickly and more thor- 
oughly than he expects. But if an evening of heavy drinking is followed 
by the drunken gulping of a large number of barbiturate sleeping pills, 
the two drugs together may produce a fatal dose. 


When liquor is poison 


Oddly enough, the interaction of alcohol with another chemical has 
been used to treat the most serious problem associated with the drug. 
Some 20 years ago, two Danish physicians were studying the compound 


disulfiram as a possible cure for intestinal worms. As part of their testing acconor 


program, they dosed themselves with small quantities of the compound. 
Attending a cocktail party soon after, they suddenly found themselves 
flushed, dizzy and violently nauseated, with splitting headaches. On re- 
covery, they suspected and soon confirmed that disulfiram was to blame. 
This substance, it turns out, inhibits the liver’s transformation of alco- 
hol. It blocks the second step in the process, in which acetaldehyde is 
transformed into acetic acid, thereby quickly producing a toxie pile-up 
of acetaldehyde in the body. 

Anyone who has taken disulfiram (known commercially as Antabuse) 
cannot drink even a single glass without becoming violently ill. Unfor- 
tunately, as a treatment for alcoholism, disulfiram is seldom successful; 
the alcoholic usually finds he can give up disulfiram more easily than 
aleohol. 

The limited usefulness of disulfiram indicates the frustrations the 
pharmacologist faces in trying to deal with the widespread disease of 
alcoholism. It cannot be explained, or even defined, in pharmacological 
terms alone. There is no known pharmacological reason why some people 
destroy their lives by drinking; neither dosage nor physical effects offer 
an infallible guide. A man who drinks heavily five nights out of seven 
may on occasion get drunk, but he is not necessarily an alcoholic. Some 
alcoholics, by contrast, may stay sober for days or even weeks at a time. 
But once they start drinking, they cannot stop short of abysmal intoxi- 
cation. They are addicts, “hooked” on the drug alcohol. And addiction 
to alcohol, like addiction to any other drug, is essentially a psychological 
compulsion—and therefore the problems it raises are far more psycho- 
logical, medical and social than pharmacological. 
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DISULFIRAM 


THE ACTION OF DISULFIRAM., a drug 
intended to discourage alcoholism, disrupts 
liver functioning so that an imbiber gets sick 
after drinking The upper diagram shows how 
the liver normally handles alcohol Entering the 
liver from left, alcohol is first converted into 
acetaldehyde. a poisonous substance. but this 
chemical and oxygen are quickly fitted together 
by an enzyme, forming harmless acetic acid 
When disulfiram is taken (/ower diagram) 
alcohol ts converted into acetaldehyde. but 
disulfiram joins with the enzyme and prevents 
acetaldehyde from linking with oxygen to form 
acetic acid As a result. toxic acetaldehyde 
collects. and the drinker becomes nauseated 


The Mind 
Influencers 


The mind is affected by a variety of drugs that induce sleep, 
calm madness, block sensation, stimulate imagination. Most 
of them act on the nervous system at a point called the syn- 
apse, where the tip of a nerve fiber, called an axon, touches 
another nerve. One nerve cell may be in contact with—and 
may receive signals from—as many as 25,000 axons (inset, 
opposite). The operation of this signal system, like all funda- 
mental life processes, is partly electrical and partly chemi- 
eal. As researchers identify the chemical reactions and map 
their locations, the way in which the chemicals known as 
drugs modify nerve reactions becomes easier to understand. 

Some signals excite the cell to action, others inhibit it; 
drugs can either intensify or suppress both kinds of signals. 
There are up to 20 billion nerve cells in the human body, 
each transmitting signals to the others at rates as high as 
600 impulses per second. At the same time, the cells are co- 
ordinating the signals, enabling the brain to think about the 
sensations it is receiving and then to put its thoughts into ac- 
tion. The long-sought explanation for drugs’ subtle power to 
influence the brain approaches as scientists learn more about 


the structure and function of the cells of the nervous system. 
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THE NERVE CELLS: DRUG TARGET 


Deep in thought, this girl is using the key ele- arrows) from other nerve cells The green fi 
ment of her brain. the nerve cell (inset, white/ bers carry siqnals that prepare the cell to fire 
Touching the cell are seven bulb-tipped axons its own signal down its own axon foutgoing 


‘green and gray! brinaing signals (incoming arrow). The aray axons may inhibit this firing 








LSD: Visions 
and Ghastly Danger 


One of the most talked-about drugs 
of recent years, LSD, has fascinated 
scientists not only because of its tre- 
potency—1/ 300,000 ounce 
can produce a trance in which a man 
may dance with his own shadow (op- 


mendous 


posite)—but because its action offers 
clues to nerve-cell chemistry. The 
LSD technically lysergic 
acid diethylamide- contains an im- 
portant section that closely resem- 


molecule 


bles a major part of the molecule of a 
chemical called serotonin. Serotonin 
may be one of the brain chemicals 
that transfer signals from an axon tip 
across the synapse to another nerve 
cell. The similarity between LSD and 
serotonin may explain LSD’s power. 

Aecording to one theory, an LSD 
molecule ean fool a nerve cell into 
accepting it as a signal-carrying sero- 
tonin molecule. But LSD cannot for- 
ward impulses the way serotonin 
does, so signals are altered. Thus, the 
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drug may both increase the number 
of signals, amplifying sensations, and 
also distort the signals so that the 
sensations received are exaggerated 
beyond ordinary experience. 

The visual effects of a dose of LSD 
are extraordinary. Colors. brighten 
and glow, and familiar objects may 
seem wondrously beautiful. But the 
drug can also make a user writhe on 
the floor, terrorized by grisly visions, 
or imagine himself so indestructible 
that he walks into a moving ear. 

Some of the psychic disturbances 
induced by LSD resemble those of 
schizophrenia, a severe mental ill- 
ness. These effects do not always 
wear off, and use of the drug has led 
to insanity. Because of the risk of 
such lasting harm, the Commissioner 
of the U.S. Food and Drug Adminis- 
tration, Dr. James L. Goddard, has 
described LSD as “one of the most 
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for Sick Minds 
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fear, feeding, mating—and the hypo- 
thalamus, the “fight or flight” center. 
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The barbiturates are commonly used to bring on restful sleep 


Soporifics 
to Bring on Sleep 


Half the people in the United States 
have insomnia; they take about 200 


Lons ot barbiturates every year to 


How these 
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help them sleep. drugs 


work LS only iInderstood he- 


cause the phenomenon 
still awaits a complete explanation. 


end on 


Falling asleep seems to de} 


tWo Opposing actions , nerease in 
certain brain signals coupled with a 
decrease in others. |] se has 
been detected by meas l] fhe plec 
trical waves generate! by the bran 


Since some of them becom: 


nounced during sleep, it is assumed 


o) sleep itself 


~ 


they represent signals that actively 
order the brain to sleep. They may do 
so by decreasing brain signals that 
cause Wakefulness. 

One source of “stay-awake”™ signals 
seems be the reticular system, which 
eoordinates sensory impulses before 
passing them along to stimulate the 
brain’s thinking area, the cortex. A 
decrease in this stimulation is also a 
factor in sleep. If the signal flow from 
the reticular system stops altogether, 
unconsciousness follows—experimen- 
ipsed into a coma when 
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It shows a person who 


Even if the signals are not cut off. but 


merely monotonous—like those 


induced by the drone of a boring lec- 
turer—they may fail to stimulate the 


cortex, and a drowsy brain will drift 


are 


into sleep. 

The flow of signals between reticu- 
lar system and cortex is at least one 
target of modern barbiturates. ‘These 
drugs first depress the reticular sys- 
tem, which is particularly sensitive to 
them. The result, presumably, is that 
fewer stimulating signals are sent on, 
and the cortex is lulled. But the drugs 
may also affect the cortex directly. 
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LULLING AN ACTIVE BRAIN 


Barbiturates may act on the cortex 
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Psychic and Physical 
Blocks to Pain 


Pain is such a complex phenomenon 
that the anesthetics and analgesics 
used relieve it must influence 
brain funetions as diverse as thought, 
memory and action. A soldier's agony 


to 


is alleviated by an injee- 
tion of morphine—in part because 
the drug blocks the brain’s ability to 


opposite 


recognize some levels of pain. 

The physical part of pain consists 
of signals initiated by sensitive nerve 
endings in the body. As these signals 
travel toward the brain, they may 
leap from one pathway to another, 
particularly in the reticular system. 
Here interconnecting relay cells—the 
interneurons, which are sensitive to 
drugs—modify and sift the signals. 
Only after this processing do signals 
from the pain-sensitive nerve end- 
ings reach the brain areas that per- 
ceive pain. The drugs that dull pain 
atfeet both the pathways that signal 





SENSORY AND, 
MOVEMENT \ 








AETICI Pa - 
| 


PAIN-KILLERS’ PROGRESS 


iWUsS Pd kallers inttue e® bra irea i it 


theties first Gepress the reticular 


sianalis that ¢ 


pain and those parts of the brain that 
perceive it. 

But physical sensation alone is not 
always enough to make a person feel 
pain. To be felt, pain must also stimu- 
late conscious thinking in areas out- 
side the sensory regions. This kind of 
thinking apparently takes place in 
the prefrontal lobes of the brain, 
which seem to be the zones of anxiety, 
remembrance of past pain, and fear 
of the connotations of present pain. 
Pain-killers also lessen signal recep- 
tion by the prefrontal lobes. 

That the circumstances of past and 
present affect awareness of pain has 
been demonstrated by many experi- 
ments. Even the circumstances at 


the time of injury can outweigh all 
physical influences: when a_ battle 
ends, many of the survivors are so 
relieved by their escape from death 
that they barely notice their wounds. 
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Escape 
from Reality 


One of the ‘mind’ drugs that have revolution 
ized the care of mental patients is Compazine 
the liquid in the ampules being held here 


Thanks to Compazine’s tranquilizing effect 


thousands have resumed nearly normal lives 





THE DRUGS THAT FASCINATE man most—the ones that inspire him to 
poetry or drive him to murder—are those that affect the brain and the 
spinal cord on which it rests. These organs make up the central nervy- 
ous system (CNS), the control center not merely of the body itself but 
also of sensation, of emotion, of thought, of everything that we eall the 
mind. The drugs that act on this center are as diverse in their actions 
as is the mind itself. They can cheer, depress, excite, stupefy; calm the 
frenzies of a schizophrenic; soothe the agonies of a cancer sufferer; blunt 
thought and feeling or twist them into visions eestatic or horrible. They 
include some of the most commonplace drugs (alcohol, caffeine, nico- 
tine), some of the most useful (ether, procaine), some of the most con- 
troversial (LSD, hashish), some of the most dangerous (cocaine, heroin). 

The CNS drugs have throughout history been the most dynamic of 
all drugs in their impact on society at large, and the most troublesome 
as well. All of them have the power, in greater or lesser degree, to alter 
man’s perception of himself and of the world around him. Their ability 
to ease the abrasive contact between man and reality has made them 
coveted and widely used commodities. With ancient traders came a tide 
of wine to waft Mediterranean civilization into the barbarian lands of 
northern and western Europe; much later, a torrent of cheap whiskey 
helped to open up the American frontier—and to separate the Indians 
from their lands. The trade in tobaeco created the first great American 
fortunes; the commerce in tea sent white-winged clipper ships racing 
around the Horn. And today’s illicit traffie in narcoties is probably the 
most lucrative of underworld enterprises. 

Man’s worldwide use and abuse of CNS drugs to manipulate his mind 
has repeatedly embroiled the drugs with religion and superstition. Re- 
ligious cults have hailed them as gifts of the gods—even as pathways to 
mystical enlightenment. Other cults have denounced them, no less ring- 
ingly, as instruments of the devil. Unfortunately, these passions and 
counterpassions have contributed nothing to a rational understanding 
of the drugs and indeed have often hampered scientifie study of them. 
This is a pity, because only clear and dispassionate understanding of 
their medical—and extramedical—significance is likely to give rise to 
intelligent use and wipe out abuse. 

From the medical standpoint, these drugs first appear on the stage 
of history as pain-relievers. Some, like opium, could actually reduce 
pain and discomfort. Others, like alcohol and hashish, merely made 
man indifferent to pain. None could “make the patient better,” but all 
could make him feel better. 

Predictably, the illusion of a cure was often taken for the reality. Be- 
fore the Third Century B.C., Chinese physicians were prescribing a 
hemp derivative somewhat similar to marijuana for gout, rheumatism, 
malaria, beriberi and absentmindedness. Some centuries later, the 
Greek physician Dioscorides recommended extracts of mandrake root, 
already well known as an effective pain-reliever and soporific, as a cure 
for tumors and snakebite. 
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THE GATEWAY TO THE BRAIN, through 
which drugs affecting the central nervous 
system must pass is a layer of so-called glial 
cells between the capillanes and the brains 
vital nerve cells or neurons As the 
drug-bearing blood approaches the brain in a 
capillary the drug must seep through the 
capillary wall and the ghal cell in order to reach 
the nerve cell Through a mechanism not fully 
understood the membranes of the glial cells 
act aS a screen permitting some drugs to go 
through easily admitting limited amounts of 
others and completely barring the rest 


Alcohol was not particularly esteemed as a cure-all until the invention, 
of distilled spirits, in which the drug is far more concentrated and there- 
fore far more potent. “Spirits of wine” (later called brandy) seems to 
have been introduced to medicine around 1300 A.D. by the French phy- 
sician Arnauld de Villeneuve. Entranced—perhaps intoxicated—by his 
discovery, he described it as “really a water of immortality.” The Ger- 
man Hieronymous Brunschwig, writing a few centuries later, was equal- 
ly sweeping and considerably more specific. He reeommended brandy 
for (among other things) baldness, indigestion, jaundice, dropsy, gout, 
bladder stones, malaria and rabies. 

Tea leaf and coffee bean, tobaccoweed and coca plant in their day 
also won similar glowing testimonials. But unfortunately for the health 
of mankind, no ancestral wonder drug has lived up to its advertisements. 
Today only two of them play an important role in the pharmacopoeia. 
Opium, refined into its active principle, morphine, remains a powerful 
and reliable pain-killer; highly diluted, it is the main ingredient of pare- 
goric, an equally reliable remedy for diarrhea. The coca leaf furnishes 
the cocaine that serves as a local anesthetic. Tea and coffee find very 
limited medical uses, and tobacco none at all. 

To the physician, there are (apart from the pain-relievers) only two 
really important groups of CNS drugs, and these are relatively new 
ones, discovered in the 19th and 20th Centuries. They are the anes- 
thetics and the so-called psychotropic agents, which include both the 
tranquilizers and the drugs that relieve depression. The first group rev- 
olutionized surgery; the second began a new epoch in the treatment of 
mental illness. 

Without anesthetics to control pain and muscular reactions, surgery 
could not have developed into a modern lifesaving science. An agonized, 
writhing patient was not only an offense to humane feelings but he 
could also gravely hamper the surgeon’s activities—and do himself se- 
rious injury. 


A knock on the head for anesthesia 


Some early methods of anesthesia were brutally direct. The Assyrians, 
a notably bloody-minded people, choked boys into insensibility before 
performing the operation of circumcision; at other times and places, the 
patient was simply knocked on the head. Such “anesthesia” often turned 
out to be permanent. 

More cautious physicians used CNS drugs like alcohol, opium and 
mandrake. But these, though they could dull pain somewhat, could not 
—at least, not safely—abolish it. In modern terms, they were not sufh- 
ciently “selective.” meaning that a dose large enough to render the pa- 
tient insensible would produce too many dangerous side effects. Opium, 
for example, was, and is, a safe analgesic (pain-reliever) because the 
analgesic dose is relatively small. As an anesthetic, however, it is no 
better than a simple knock on the head. A dose of opium that would 
make a patient completely unconscious would also depress his breath- 


ing so much that he would be almost certain to die of the drug, if not 
the operation. With only unselective drugs of this sort, the surgeon of 
necessity concentrated not on reducing pain but on shortening its dura- 
tion; master surgeons of the early 19th Century boasted that they could 
saw off a leg in less than 60 seconds. 

The surgeon’s speed offered the only safe relief from the brutality of 
an operation for 4,000 years. The 19th Century discovery of anesthet- 
ics seems to have occurred for the same “reason” as many other scien- 
tific achievements: its time had come. As one commentator has put it, 
“When it is time to invent locomotives men will invent locomotives.” 
In the 1840s, it was evidently time to develop anesthesia. Between 1842 
and 1847, it was employed on four occasions by four different men— 
using three different drugs. 


Exhilarating ether jags 


First of the four discoverers was Dr. Crawford W. Long of Jefferson, 
Georgia. His drug was ether. Like alcohol and many other CNS drugs, 
ether can induce a euphoric feeling of buoyancy as well as unconscious- 
ness, and Long had made its acquaintance through the “ether jags” that 
were a fad when he was a medical student. Even after he had begun 
his practice he frequently intoxicated himself and his friends with the 
drug, a sport which, he later remarked, “became quite fashionable in 
the country ’—partly, one suspects, because it was deemed more high 
toned than simple boozing. 

During these ether parties, Long was evidently not too exhilarated 
to use his eyes, for he noticed that many of his intoxicated friends be- 
came quite insensible to pain. In March 1842, he put his observations 
to work. He gave a young man ether to breathe and then painlessly re- 
moved a tumor from the youth’s neck. Long continued to use the drug 
effectively in his own medical practice, but because he was merely a 
young country doctor, he was too diffident to report his results to any 
medical journal. 

The second and equally inconclusive discovery of anesthesia was 
made by a Hartford, Connecticut, dentist, Horace Wells. In 1844, he 
attended “A Grand Exhibition of the effects produced by inhaling Ni- 
trous Oxide, Exhilarating or Laughing Gas.” As its name indicates, this 
drug too was known to produce euphoria and intoxication, though the 
“exhibition” was planned and advertised as “in every respect a genteel 
affair.” Fortunately for science, it was not. A volunteer who inhaled the 
gas became sufficiently belligerent to jump from the stage, trip over a 
chair and gash his leg. Recovering his wits, he realized with surprise 
that he had felt no pain despite his injuries. Wells, seated nearby, no- 
ticed this, quickly realized the medical possibilities, and soon began 
using laughing gas on his patients. 

But when he sought to demonstrate his discovery to the medical pro- 
fession at Boston’s famous Massachusetts General Hospital, the experi- 
ment was a humiliating failure. | Nitrous oxide was, and still is, diffieult 





to administer safely in the dosages that are needed for the deep anes- 
thesia used in surgery.) . 

Third time lucky. In the fall of 1846, another dentist, William T. G. 
Morton of Charlton, Massachusetts—who knew of Wells’s work—per- 
formed his famous public demonstration of ether anesthesia, again at 
Massachusetts General, and wrung from a skeptical attending surgeon 
the historic testimonial: “Gentlemen, this is no humbug.” A year later, 
the Edinburgh surgeon James Young Simpson began the successful use 
of another anesthetic, chloroform. 


Unhurried surgery 


No longer was the surgeon forced to race against time. With the aid 
of anesthesia (and, of course, many other medical advances) he could 
attempt ever more complex and lengthy procedures. Today, he can la- 
bor for hours ona relaxed, untroubled patient, rebuilding a face smashed 
in an auto accident, cutting away a tumor from the delicate tissue of the 
brain, repairing a living heart, even removing an organ from one indi- 
vidual and grafting it into another. 

Ether, nitrous oxide and chloroform succeeded as effective anesthet- 
ics where older drugs had failed because they were more selective in 
their actions. They can abolish pain, and at higher doses can blot out 
consciousness entirely. At still higher doses, they abolish most of the 
body’s reflexes, in particular those that cause many muscles to contract 
convulsively when cut by the surgeon’s scalpel. (This is an especially 
important consideration in abdominal surgery, since the reflex is so 
highly developed in the abdominal muscles that their violent contrac- 
tion can thrust part of the patient’s viscera out of his body.) Yet even 
while the patient is unconscious and insensitive to pain, his heart and 
lung action can continue. 

Revolutionary as these selective CNS drugs were, they ultimately 
proved to be not selective enough. Like all drugs, they had undesirable 
side effects: ether irritates the breathing passages: chloroform damages 
the liver, and so on. They have now been supplemented by newer drugs, 
which, while they do cause side effects of their own, enable the physi- 
cian to select a combination best suited to the task at hand. Ether, for 
example, is now usually administered to induce deep anesthesia only 
after another drug, such as a barbiturate, has been given to counteract 





SATIRIZING THE USE OF ETHER, this 


1847 French cartoon published shortly after 
the drug's discovery shows a small boy ether’s irritating effects and also to make the patient sleepy. For a com- 
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have so revolutionized the treatment of the mentally disturbed. That 
decade saw three great developments: the first psychiatric use of the 
so-called strong tranquilizers, chlorpromazine and reserpine; the intro- 
duction of the first “mild” tranquilizer, meprobamate; and the appear- 


ance of the first modern antidepressants, iproniazid and imipramine. 

Both the strong tranquilizers and the antidepressants are far more 
selective than the anesthetics. (The mild tranquilizers are puzzling in 
their action and are seldom prescribed for serious illness.) The first 
group can calm a violent psychotic without rendering him unconscious 
or, In most cases, even sleepy. The second can elevate the mood of a 
depressed patient without the unpleasant side effects, such as acceler- 
ated heartbeat or insomnia, of some other stimulants. Indeed, the best 
of both groups seem to distinguish even between normal and psychotic 
individuals, since they exert more pronounced and actually different ef- 
fects on those suffering from severe mental disorders. 

Precisely how psychotropic drugs manage to be so selective in their 
actions is still one of nature’s secrets, but their impact on mental dis- 
ease has been great. Prior to the discovery of strong tranquilizers and 
antidepressants, mental hospitals were places of horror. Frenzied pa- 
tients had to be restrained with straps and straitjackets for their own 
and others’ protection. Depressed ones sat immobile for hours, trapped 
in the unspeakable horrors of their own thoughts. The erratic and un- 
predictable behavior of many patients kept physicians and attendants 
busy simply supervising them, leaving little time for attempts to treat 
them. Nor, for that matter, was there much hope of helping them: most 
psychotics were too far out of touch with reality to be reached by any- 
thing less drastic than the unpleasant and occasionally dangerous shock 
treatments. And the situation was getting worse. The rising number of 
mental patients, increasing faster than the population as a whole, crowd- 
ed new hospitals faster than they could be built. 

The psychotropic drugs radically changed this grim picture. As phy- 
sicians learned how to use them, thousands of patients began to emerge 
from the hospitals; thousands more who previously would have required 
confinement could be treated as “outpatients,” remaining at home with 
their families and visiting a clinic at intervals for their pills. Between 
1955 and 1965, the number of hospitalized mental patients in the Unit- 
ed States dropped by 15 per cent—despite an increase in the general 
population of some 17 per cent. And even for those still remaining in the 
hospitals, life became, if not happy, at least less agonizing. 

The mind drugs, which have notably alleviated psychic pain, and the 
anesthetics, which have done so much to banish physical pain, are the 
bright side of the CNS drugs. The dark side, of course, is the problem 
of drug addiction. 


A life-wrecking compulsion 


Defining addiction is a tricky business—and it is made no easier by 
the confusion that arises from the use by physicians of such terms 2s 
“physical addiction,” “psychological addiction” and the like. For all gen- 
eral purposes, addiction can be defined as the compulsive use of a drug 
to an extent that seriously impairs the user’s capacity to lead a normal 
life. The addict, that is, takes his drug not merely because he wants to 


but because he has to. And the compulsion to consume (and, of course, . 
to obtain) the drug—a compulsion that may arise from the chemical na- 
ture of the drug or from the social and psychological situations in which 
it is consumed—so dominates the addict’s life as to leave him little time 
or energy for constructive pursuits. 

People can become addicted in this sense to almost any drug, pro- 
vided they find its effects pleasant. At least one man is known to have 
become addicted to sodium bicarbonate—apparently because he liked 
the sensation of belching. The great majority of addicts, however, have 
less outlandish tastes, getting their “kicks” from among half a dozen 
problem drugs. 


From alcohol to LSD 


By far the worst offender, at least in Western countries, is alcohol, 
whose addicts, called alcoholics, number an estimated five million in 
the United States alone. In second place, probably, are the various de- 
rivatives of Indian hemp. In such forms as hashish, ganja, majoun, 
bhang and perhaps 200 others, hemp is consumed by scores of mil- 
lions in the Muslim world and in India, where alcohol is frowned on or 
forbidden. Not all of these people can be considered addicts, however, 
nor can all the undetermined number of Americans who smoke mari- 
juana (the Mexican name for hashish). Less popular than the hemp 
drugs but more vicious in their effects are opium, consumed fairly wide- 
ly in the Orient, and its derivatives, morphine and heroin, whose addicts 
in the United States are estimated to number more than 60,000. Serious 
problems are also posed by the barbiturates and the amphetamines 
(“pep pills”). Finally, a growing threat, whose extent is still unclear, is 
the use of such drugs as LSD, technically classified as hallucinogens or 
hallucination-producers. 

The very real hazards raised by these problem drugs are often ob- 
scured by purely imaginary hazards that are mistakenly attributed to 
them—misconceptions that can hamper effective action against drug ad- 
diction. In the first place, only a few of these drugs directly give rise to 
violent or criminal acts. Even alcohol, though it can remove inhibitions 
against violence, does not stimulate brutal acts. The “dope fiend” of 
popular folklore was in fact a cocaine addict; large and repeated doses 
of this stimulant ean indeed bring on paranoia and violent behavior. 
Cocaine addiction is rare nowadays—perhaps because, as one addict put 
it, “If vou aren't nuts before you use it, you sure are afterward.” But the 
all-too-popular pep pills, which do not contain cocaine, seem to have 
similar effects in triggering violence. 

Nevertheless, the principal connection between drugs and crime comes 
not from the physiological effects of the drugs but from the need for 
large sums of money to buy them—money that often must be obtained 
by criminal means. And there seems to be no connection at all between 
drugs of any kind and one type of crime—sexual offenses—for which 
they are widely blamed. . 


None of the drugs, without exception, can turn an individual into a 
“sex maniac”; if anything, they do the opposite. The opium derivatives 
reduce or abolish the sex drive; the hemp drugs have a similar though 
less-pronounced effect. (“A hashish-eater would not lift a finger for the 
most beautiful maiden in Verona,” wrote the French author and hashish 
addict Théophile Gautier. ) 

Imaginary dangers aside, the genuine hazards of drug addiction are 
severe ones. The degree to which they harm an individual depends on 
three factors. The first is pharmacological, and involves the complicated 
ways that a drug may take part in bodily reactions and, indeed, may 
become necessary to them. The second, probably far more important but 
still very poorly understood, concerns the psychology of the individual 
drug taker. The third is sociological, and involves the cultural patterns 
that surround the drug in a particular society or ethnic group. 

The physical and chemical processes of the human body can, in some 
degree, tolerate or adapt to almost any drug. For some drugs, this tol- 
erance reaches astonishing proportions. The sodium bicarbonate addict 
previously mentioned was consuming half a pound of the stuff a day 
when he was hospitalized—a quantity that would make the ordinary 
person very ill. Sometimes tolerance involves merely the stepping up of 
the processes by which the drug is removed from the body. Habitual use 
of barbiturates can do this, with the result that much of a given dose 
of the drug is eliminated before it can get to the brain. 


The perils of tissue tolerance 


But many drugs (including the barbiturates) can engender another, 
and more dangerous, type of tolerance, called “tissue” or “cellular” tol- 
erance. This results from the remarkable capacity of the human body 
to alter itself in response to disturbing stimuli. Just as a heavily exercised 
muscle will, over the long pull, develop more and thicker fibers to carry 
the increased load, so organs whose functions are repeatedly altered 
by drugs may respond by readjusting their functions to restore the 
status quo. Repeated doses of an alkali such as sodium bicarbonate 
increase the output of the body’s acids; repeated doses of the opiates 
will lead the nervous system to funetion more energetically to counter- 
act the drug-induced depression. 

At this point, the individual has become physically dependent on 
the drug. Adjustment to the drug’s presence is gradual, and once adjust- 
ment is achieved, readjustment to its absence is no less so. If the drug 
is suddenly withdrawn, the body responds to the absence of the drug 
on which it has become dependent by “withdrawal symptoms,” which 
are always unpleasant and occasionally harmful. ‘hus the bicarbonate 
addict, deprived of his daily doses, developed a condition known as 
metabolic acidosis; it would probably have killed him if he had not been 
treated. Likewise, a heroin addict, when the hyperactive control centers 
of his body are no longer lulled by the drug, will develop such symp- 
toms as sleeplessness, vomiting, sweating and cramps. 
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PUFFING TOBACCO, a Mayan priest. 
depicted on a Fifth Century bas-relief from a 
temple in Mexico. uses one of the world’s most 
popular drugs First cultivated in the Western 


Hemisphere, tobacco has provoked many 
taboos through its long history In modern 
times it has been prohibited by some religious 
sects and has been condemned as a menace to 
health Yet it is now enjoyed by smokers in 
nearly every part of the world—including 70 


million people in the United States alone— for 


its pleasant. tension-relaxing effect 


The degree to which tissue tolerance and physical dependence can be « 
established depends on the drug and—like so many drug effects—on the 
dose. Aleohol can induce moderate tolerance, but only if the dose exceeds 
a certain minimum. The tired businessman can enjoy the effects of his 
evening martini for 20 years, with no need to increase his alcoholic 
consumption and no aftereffects. But the problem drinker who swallows 
a fifth of whiskey every day for a week will become less and less obvious- 
ly intoxicated by his daily bottle—and will develop delirium tremens 
(“the D.T.s”) if he suddenly stops drinking. 


The high cost of tolerance 


The all-time championship for tolerance and dependence is held by 
the sinister opiates. To a person unaccustomed to morphine, for in- 
stance, an injection of .004 ounce is normally fatal. Yet in controlled ex- 
periments addicts have taken up to 50 times this amount in one day and 
survived. The result of the body's ability to adapt to opiates is that a 
morphine or heroin addict must gradually increase his dose if he is to 
obtain his accustomed “kick.” And, given the black-market prices for 
these drugs, he must almost certainly take to crime to support his habit. 
Many addicts, indeed, will enter a hospital and go through the unpleas- 
ant process of withdrawal simply to lose their tolerance, thereby reduc- 
ing their habit to a financially supportable level—for a while. 

Physical dependence, and the resulting desire to avoid withdrawal 
symptoms, unquestionably play their part in addiction to some drugs— 
chiefly the opiates. But it is worth emphasizing that physical dependence 
is not the same thing as addiction. Most smokers, for example, are 
physically dependent on nicotine, in the sense that they feel jumpy and 
uncomfortable without it. But they are not addicted to it, since it does 
not disrupt their lives. Habitual cigarette smoking over many years can 
produce severe and even fatal physical damage—but it does not lose peo- 
ple their jobs, break up their marriages or land them in jail. By contrast 
with nicotine, hemp drugs, the amphetamines and cocaine seldom if 
ever produce physical dependency—but they unquestionably produce 
addicts. 

Thus the addict may or may not be physically dependent on his drug, 
although he is unquestionably psychologically dependent on it. The 
drug’s effects satisfy some deep need in his personality—but there is little 
agreement on just what this need is. Obviously he feels he must escape 
from something. What he is escaping from, and why he chooses alcohol 
or heroin as his ticket to Nirvana—instead of watching television or be- 
coming a hobo—are subjects on which there are almost as many theories 
as there are schools of psychiatry. 

On the third aspect of the drug problem, the sociological, there is 
considerably more agreement. With some drugs, at least, the problem 
seems to be much less with the drug than with the circumstances under 
which it is consumed. 

Aleohol is a good example. A number of sociologists have conducted 


extensive studies to discover why alcoholism is very rare among certain 
U.S. ethnie groups—notably Jews and Italian-Americans. Nearly all Jews 
and Italian-Americans consume alcoholic beverages, but they are gen- 
erally moderate drinkers and they rarely become addicted to alcohol. 
Studying the ways in which these people did their drinking, the research- 
ers found that for both groups the use of alcohol was tightly integrated 
into the life of the family and its social circle. By and large, members of 
these two groups did not drink in order to get drunk, but as part of a so- 
cial occasion, or of the family meal (Italian-Americans) or of periodic re- 
ligious observances (Jews). The moderate use of alcohol was built into 
their culture so that they learned from childhood to use aleoho! without 
becoming addicted to it. 

Like alcohol, the hemp drugs seem to be “culture dependent’—i.e., 
harmful in some societies but not in others. In parts of North Africa, 
hashish is often consumed immoderately and habitually—and is consid- 
ered responsible for producing a great deal of chronic mental disease. 
In many other places, however, hemp derivatives are consumed almost 
as widely, as moderately and with as few ill effects as is aleohol among 
Jews and Italian-Americans. This latter fact has caused some American 
young people to ask, in effect, “Why is marijuana worse than alcohol?” 
The definitive answer, credited to the musician Mezz Mezzrow, is “It 
can put you in jail.” Its use is not accepted in our society. In the United 
States, marijuana is mixed up with the whole illegal drug subculture, 
which is permeated with criminality and psychological illness. As a re- 
sult, not a few of its users are induced to try more dangerous drugs such 
as the opiates—which in the contemporary drug “scene” are all too read- 
ily available. 


When a drug becomes a cult 


Even more directly culture-dependent are the powerful hallucination 
drugs, the best known of which is lysergic acid diethylamide, or LSD. 
Depending on the environment and mental outlook with which he takes 
the drug, the user may experience visions of sheer ecstasy or sheer 
horror. Used under medical supervision, LSD has shown some promise 
in the treatment of mental illness—especially, and ironically, addiction 
to aleohol and heroin. Used promiscuously, however, it can lead to men- 
tal illness lasting long after its effects have worn off—and perhaps cause 
permanent damage. 

Unfortunately, the still problematical value of LSD has been ob- 
scured by the cultist atmosphere that has grown up about it. Its par- 
tisans tout it as a solution of all psychological—and even social—ills. 
But their claims differ little from those made long ago for aleohol, for 
hashish and for half a dozen other CNS drugs. The “acid head” may 
see himself as the vanguard of a new era, but in fact he is marching 
at the end of a long line of seekers for instant salvation. The chances are 
overwhelming that, like his predecessors, he will find the illusion of 
health rather than the reality. 





PUFFING HASHISH, best known in the 
United States in the form of marjuana. a 
Persian lady of the 14th Century enjoys an 
ancient drug that is still the subject of much 
controversy Made from the dred flowers of 
hemp, hashish produces intoxication and 
hallucinations that may persist for hours It ts 
sometimes smoked, sometimes taken in the 
form of pills of pellets. or mixed with sugar 
and eaten lke candy While its use has long 
been accepted in Asia Minor and the Onrent 
the drug ts illegal in the United States 
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The Doctor 
Who Vanquishes Pain 


In an age of medical specialties, the anesthesiologist is a 
specialist in the use of drugs to prevent suffering. The pain 
of surgery is his first concern, as it has been for more than 
100 years—and since about 12 million operations annually 
are performed under some form of anesthesia in the United 
States, he does not lack for work. 

But the modern anesthesiologist is a far cry from the 
“ether-pourer” of the 19th Century, whose sole job was to 
render surgical patients unconscious and keep them that 
way until the operation was over. Today the anesthesiologist 
brings swift relief to accident victims, treats ailments of the 
respiratory tract, eases the agony of incurable diseases. And 
he draws on an extensive range of instruments and drugs: 
machines that temporarily substitute for body organs, gases 
that can induce a dreamy doze or deep unconsciousness, 
tranquilizers that banish fear, injections that block pain. 

So precise is the control afforded by these new tools and 
techniques that the anesthesiologist can, in effect, suspend 
life for hours at a time, making possible some of the most 
dramatic achievements of modern surgery, such as the repair 


of a damaged heart or the replacement of a diseased kidney. 





SOOTHING A TROUBLED HEART 


ing alifein his hands. an anesthesiologist act the erratic heartbeat, he has just admin 
squeezes 3 breathing bag to force more oxy istered a dose of procaine amide; now his 
gen into the lunas of a patient whose heart eyes are qlued to an electrocardiograph, not 
has faltered during an operation To counter visible here. which records the heart action 
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A Slow Journey 
into Deep Sleep 


In 1842, a Georgia physician named 
Crawford Long made medical history 
when he held an ether-soaked towel 
over a patient’s face until he was un- 
conscious. Then Dr. Long removed a 
small neck tumor; the patient expe- 
rienced no pain. It was the first suc- 
cessful use of surgical anesthesia. 

Today ether—obtained by distill- 
ing ethylene with sulfuric acid—re- 
mains one of the most effeetive drugs 
for inducing the deep, relaxed sleep 
required for major surgery. But ether 
has an unpleasant, often nauseating 
odor, it irritates the respiratory sys- 
tem and it is dangerous to use be- 
cause of its explosive nature. In one 
method of overcoming these draw- 
backs anesthesiologists use only very 
small amounts of ether, often mixed 
with another anesthetic, as the finish- 
ing touch in a step-by-step procedure 
of indueing sleep. This technique, 
tailored to the individual, employs a 
series of drugs designed to achieve 
suecessively deeper anesthesia. 

In a typical procedure, a pleasant 
relaxation is induced by injections 
of scopolamine and morphine. Calm 
and relaxed, the patient is now ready 
for an intravenous injection of so- 
dium pentothal that will bring on 
the first stage of anesthesia, a light 
doze, followed by the second stage, 
loss of consciousness and dulling of 
the brain’s pain response. The third 
stage, complete unconsciousness, gen- 
erally requires some drug as strong 
as ether. The anesthesiologist inserts 
a plastic tube into the trachea, or 
windpipe, so that a mixture of ether, 
nitrous oxide and oxygen ean be fed 
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directly into the lungs without irri- 





tating the breathing passage. Only 
when he is certain that the patient's 


central nervous system is complete- RELAXED 
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ASLEEP 


DROWSY 


\ Vhile ot face 


Lifeguard of 
a Helpless Body 


Once surgery has begun, the anes- 


thesiologtst becomes the watchdog of 


the operating room, the man respon- 
sible for keeping the unconscious pa- 
tient alive. 

Keeping an eye on the work of the 
surgeon, the anesthesiologist concen- 
trates on changes in the patient's 
blood pressure, pulse and breathing. 
He checks to be sure that the anes- 
thetic gas mixture contains 2&8 to 30 
per cent oxygen, for even a brief drop- 
off may cause asphyxiation. He ex- 
amines the patient's eves (opposite 
for subtle changes that mean the an- 
esthetic is wearing off or that it Is 
sinking the patient into a dangerous- 
ly deep sleep. If muscle-stilling drugs 
like curare or suceinylcholine have 
been injected—a common procedure 
when surgery requires the blocking of 





A SHOCK TEST FOR Cl! 
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reflex action in the abdomen—their 
effect must be monitored 


gauge how much general anesthetic 
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need be administered. 

After surgery is completed the an- 
esthesiologist faces one of his most 
difficult must 
anesthetized patient to complete con- 


tasks: he restore his 
sciousness as smoothly and painless- 
ly as possible. The best drug for this 
purpose is oxygen. Flooding into the 
lungs, oxygen forces the anesthetic 
gases out of the patient’s body and 
also eases the work of the heart and 
respiratory system as the patient 
awakens, 

“If we've done our job well,” says 
Dr. Vineent Collins, head of anesthe- 
siology at Cook County Hospital, “the 
first thing the patient wants to know 
is whether he’s been operated on.” 


A TEAR THAT MEANS ALL'S WELL 








The Tools of the 
Anesthesiologist 


In order to get his drugs to the parts 
of the body where they will do the 
most good, the anesthesiologist relies 
on an intimate knowledge of physi- 
ology and an assortment of ingenious 
tools and techniques, some of which 
are shown in use below. 

One basic piece of equipment is 
the curved, flexible endotracheal 
tube (left), designed to deliver the 
anesthetic mixture to the lungs. To 
place the tube properly in the tra- 
chea, the anesthesiologist must first 
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Using a laryngoscope to view patients throat. anesthesiologist slides a breathing tube into place 
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slide an instrument called a laryngo- 
scope into the patient’s throat, thens 
insert the tube alongside the laryn- 
goscope. A miscalculation can cause 
a painful postoperative sore throat or 
even damage the vocal cords. 

To anesthetize nerves in the spi- 
nal cord—a procedure often used to 
“freeze” a portion of the lower body 
for abdominal surgery—the anesthe- 
siologist follows a precise three-step 
procedure. First he presses an “in- 
troducer,’ resembling a large, hollow- 





Spinal anesthesia calls for exact needle placer 


stemmed thumbtack, between two 
vertebrae in the lower back, piercing 
the ligaments. Then he inserts a hol- 
low needle through the introducer to 
puncture the tough membrane. sur- 
rounding the fluid-filled cavity con- 
taining the spinal nerves. With this 
spinal tap completed (center), a syr- 
inge containing a local anesthetic, 
such as procaine or tetracaine, is at- 
tached to the needle and _ injected 
into the spinal fluid. 

Other tools help the anesthesiolo- 


ering into a patient's lung through an illuminated bronchoscope 


gist overcome such problems as those 
caused by mucus secretions that 
often collect in the lungs during an- 
esthesia. He may remove secretions 
by washing and vacuum-cleaning the 
lungs with a flexible tube passed 
in through a bronchoscope (right), 
which can reach beyond the trachea 
and into either of the two main “air 
pipes” leading into the lungs. The 
anesthesiologist sprays in liquefying 
agents to dissolve these secretions 
and then draws them out by suction. 


the anesthesiologist inserts a flexible tube that will be used to wash out se: 
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A Blockade 
on Pain’s Path 
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to the control of pain, numbing a par- 
ticular area of the body without af- 


recting otner areas. 
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A NEEDLE IN THE NECK 








A MANGLED ARM 
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In the emergency room, the anesthe- 


siologist meets a severe test of his 


A Man for All 
Emergencies 


drugs and skills. He is often confront- 
ed with serious and painful injuries, 
like those shown on 
cases requiring immediate action to 
limit suffering and preserve life. He 


these pages 


must decide quickly on an anesthet- 
ic procedure, although this choice 
may be complicated by the patient’s 
injuries as well as by lack of informa- 
tion on the patient’s previous reac- 
tions to drugs. 

Recognizing 


these uncertainties. 


A BLISTERED FACE 


the emergency room anesthesiolo- 
gist braces himself for adverse, and 
possibly dangerous, drug effects. If 
such distress signs appear, he must 
be ready with counteracting drugs, 
which work to offset the effects of the 
anesthetic. He may use ephedrine to 
offset shock and low blood pressure, 
pentothal for convulsions, neostig- 
mine to reverse the effects of curare. 
kor the most serious emergency of all 
—heart stoppage—the anesthesiolo- 
gist is ready to use any of 15 difler- 
ent stimulant drugs at his disposal. 





A BULLET-PIERCED BODY 


A face covered with second-dearee burns presents a difficult problem to A woman victim of a gunshot wound breathe: 
the anesthesiologist. In this case, unable toinject a pain-killer directly into face mask while an anesthesiologist prepares a | 
the blistered skin, he relieved the man's suffering by setting up an appa combat shock, caused by s ofblood The elevated position of t 
ratus to drop cyclohexanone. a local anesthet into a vein of the foot ansleaqsis an antishock measure to assist the flow of blood to tt 


Drugs for 
Incurable Agonies 


There are in the United States today 
several million people who are in 
torment—infants gasping for breath 
because of respiratory disorders (op- 
posite); adults wracked by asthma 
(below); people of all ages slowly 
wasting with cancer. Once their only 
hope for relief lay in nareotie drugs, 


or brain surgery for the removal of 


the pain center—or death. In recent 
years, however, anesthesiologists 
have brought pain-killing drugs and 
techniques out of the operating room 
to make life bearable for a number 
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RELIEF FOR AN ASTHMATIC 
Gaspina for breath. his face contorted with pain 
the victim of a severe asthma attack is wheeled 
nto a Chicago clinic Here Dr Alon Winnie will 
imection of am nophylline a arugq 
t relaxes bronchial muscies and may bring 
Ore or two hours Sine e asthmatics 
drug resistant. anesthesiologists 


ost effective remedy 


of these sufferers from chronic pain. 

Today many hospitals maintain 
clinics where anesthesiologists pro- 
vide oxygen for victims of lung ail- 
ments and inject doses of anesthetic 
drugs to block nerves such as those 
that trigger the excruciating facial 
pain of trigeminal neuralgia. An ef- 
fective technique often used to dull 
the pain of terminal cancer is the 
aleohol nerve block: corrosive alco- 
hol, injected into the nerve, so dam- 
ages it that the passage of sensation 
may be blocked for months at a time. 


SLEEP FOR A SICK BABY 

This two-day-old baby. suffering from a defec 
tive heart and labored breathing, will be aiven 
around-the-clock treatment in an incubator at 
Cook County Hospital An anesthesioloaist is 
using a stethoscope to check breathing and 
heartbeat. both of which are assisted by hu 
midified. oxygen-enriched air that is continual- 


ly pumped into the body through a nasal tube 
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A Test of Men 
and Machines 


How far the anesthesiologist has now 
come from the ether-pourer of a cen- 
tury ago may be judged by this pic- 
ture showing part of the equipment 
he uses to keep a patient alive dur- 
ing open-heart surgery. ‘This com- 
plex, five-hour operation ealls for the 
heart and lungs to be stopped while 
their work is taken over by the an- 
esthesiologist’s heart-lung machine 
right), which pumps oxygen-enriched 
blood through the body. While the 
surgeon repairs or replaces portions 
of the silent, blood-free heart, the 
anesthesiologist monitors the gauges 
of his machines, ready to administer 
anesthetics, oxygen, blood fortifiers, 
blood thinners, blood substitutes or 
muscle relaxants as needed. 

The surgeon's last task is to reopen 
the veins and arteries that restore 
blood to the newly mended heart. 
It is now that the anesthesiologist’s 
most delicate work begins. Like a 
mechanie tuning an engine, he mon- 
tors the rhythm of the heart, admin- 
istering stimulants to speed it up or 
sedatives to slow it down. Only when 
the anesthesiologist has adjusted the 
heart to a firm, steady beat can he 
and the other specialists of the oper- 
ating team relax in the satisfaction 
of their hard-won victory over disease. 
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Help for 
the Heart 





OF ALL THE BODY'S ORGANS, the heart is perhaps the most vital. Men 
ean survive the loss of half their intestines, half their lungs, half their 
kidneys, even half their brains. But nobody ever survived with half a 
heart. Not surprisingly, heart disease ranks with infectious disease as a 
principal cause of death. In the United States, where infectious disease 
is being increasingly controlled, diseases of the heart and its blood ves- 
sels kill more people than all other diseases put together. 

Yet despite the critical importance of the heart, little can be done for 
its ills. Surgery can now repair some heart defects, but the drugs that 
give relief in heart ailments are few—and most of the effective medi- 
cines have been known for a long time. Of the four “heart drugs” most 
commonly used today, one was introduced into medicine in the 18th 
Century, another was discovered in the 19th Century. while the other 
two are some 50 years old. With all its sophisticated knowledge. modern 
pharmacology has not yet managed to improve on these venerable reme- 
dies, nor has it discovered drugs that can cure other heart diseases that 
are outside the province of the four veteran drugs. It is unfortunate but 
true that aside from new drugs that alleviate high blood pressure, “heart 
drugs” are little better now than they were in 1920. 

Both the shortcomings and the achievements of the heart drugs are 
worth examining for the light they cast on virtually all remedies. Few 
drugs offer complete cures. Many effective ones have been used ‘and 
misused) for years. Almost all are unsatisfactory in some respect. Yet 
without them. millions now enjoying useful lives would be dead. 

The four heart drugs came into the pharmacopoeia by different routes 
—from the lore of folk remedies as well as from scientific research. They 
won prized places in the drug list for their remarkable ability to relieve 
pain and save lives. And yet only one among them can—sometimes—lit- 
erally cure the disorder for which it is prescribed. 

To understand the role of the four drugs in diseases related to the 
heart, we must take a quick look at the organ itself and at the blood- 
circulating system of which it is a part. The function of the blood is to 
carry food and oxygen to the tissues of the body and at the same time 
remove waste products. It circulates through a network of pipes ‘the 
blood vessels), powered by a pump ‘the heart). Both pipes and pump 
are subject to disease, but the consequences are likely to be acutely se- 
rious when the pump is affected. Serious damage to a vessel may or may 
not be dangerous, depending on where in the body the damage occurs: 
serious damage to the heart is always dangerous and often fatal. 

One of the commonest heart disorders is somewhat misleadingly 
called “congestive heart failure.” The term does not mean that the heart 
fails to beat, but that its pumping capacity has become inadequate for 
the body’s needs. Congestive failure can be produced by damage to the 
heart’s valves, which makes them leaky. or by damage to the heart 
muscle, which makes the pump weak. Whatever the cause of congestive 
failure, it limits the heart’s ability to drive enougn blood through the 
vessels to meet the body's needs. 








THE DISCOVERER OF DIGITALIS, William 
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The body attempts to cope with the problem of diminished blood sup- 
ply by using several compensating mechanisms. When any muscle is 
chronically overworked the body responds by enlarging that muscle. 
Thus the heart, which consists primarily of muscles, grows larger so 
that it can pump harder. More significant is another compensating ac- 
tion designed to economize on the limited blood flow. Tiny muscles in 
the blood-vessel walls contract the blood vessels to cut down the move- 
ment of blood to almost all parts of the body except the heart and brain 
—thereby attempting to ensure that these two absolutely essential or- 
gans will receive the oxygen they need. However, this measure can be 
costly: the sluggish flow to the rest of the body can produce many kinds 
of damage, owing to decreased oxygen supply and inadequate removal 
of wastes. One of the most serious consequences can result from de- 
creased blood flow through the kidneys. These organs eliminate excess 
salt from the body by filtering out the sodium that makes up part of the 
salt compound. But with lowered blood flow, the kidneys excrete so- 
dium less efficiently. And since the kidneys are geared to maintaining a 
fixed proportion of sodium to water in the blood, excess salt in the body 
means excess Water, too. 

As a result, the body's tissues become waterlogged—a condition called 
edema, or “dropsy.”’ The excess water can amount to 30 pounds or more 
of extra weight for the body to carry around, with a proportionately 
greater strain upon an already inadequate heart. When edema affects 
the lungs, the effect is worse, for waterlogging cuts down the flow of oxy- 
gen into the blood just when oxygen is already in short supply. 

To reduce the excess sodium (and therefore the excess water) the phy- 
sician often prescribes a “low sodium” or “salt free” diet. He may also 
attack the problem by means of a diuretic drug, which stimulates the 
kidneys to step up their excretion of sodium. But diets and diuretics, 
though they may eliminate the excess water, do not—in a very literal 
sense—go to the heart of the matter. The heart remains incapable of 
performing its duties; the body’s tissues may still be starved for oxy- 
gen. To correct this situation, the doctor will almost certainly prescribe 
some preparation of digitalis. 


From potion to prescription 


The story of digitalis is one of the most fascinating in the history of 
pharmacology. This drug was long an old wives’ remedy; it was first pre- 
scribed by a physician for heart trouble nearly 200 years ago. Neverthe- 
less a century and a half passed before its effects and proper use were 
understood. The halting progress of digitalis from potion to modern 
prescription illustrates how inadequate knowledge of pharmacology can 
nullify the value of even an effective drug. 

In 1775. an English physician named William Withering was asked his 
opinion of a folk remedy esteemed, not for its effect on the heart, but for 
its ability to relieve the swelling of dropsy. The recipe, he was told, “had 
long been kept a secret by an old woman in Shropshire, who had some- 


times made cures after the more regular practitioners had failed.” The 
medicine, like many of the period, was a complicated concoction, with 
more than 20 different ingredients. Withering, however, was sophisti- 
eated enough to recognize that many of the components were merely 
window dressing. From his knowledge of botany, he suspected that the 
active principle of the mixture was to be found in only one of the ingre- 
dients—the leaves of the foxglove, whose pretty purple flowers dot Eng- 
lish gardens in early summer. Accordingly, he began to treat dropsical 
patients with a tea made with foxglove leaves. In many cases it did in- 
deed relieve them of excess fluid by markedly increasing urine output. 


Withering studied the drug for 10 years. He learned to obtain leaves of 


uniform potency by gathering them at a particular stage of the plant’s 
growth, and he determined the most effective dosage. In 1785, he pub- 


lished his observations. His book, An Account of the Foxglove and Some of 


its Medical Uses, is a classic of painstaking scientific investigation. 


A remedy misunderstood 


Unfortunately, the book was ahead of its time. Its basic trouble was 
one that has beset many studies beside Withering’s: lack of information 
on precisely what the drug did in the body. Withering had carefully cata- 
logued most of the foxglove’s externally observable effects: increased 
urine flow, nausea, purging, disorders of vision and a slowed pulse. (“It 
has,” he noted, “a power over the motions of the heart to a degree yet 
unobserved in any other medicine.) But neither he nor his suecessors 
for generations afterward had either the knowledge or the techniques 
to determine the effects of the drug inside the body—and therefore the 
diseases for which it could best be used. 

From the drug's diuretic effect, Withering himself deduced that it 
acted on the kidneys—though he warned that it would not produce di- 
uresis under all conditions. Some later phvsicians were less cautious: 
they used digitalis, as the drug came to be known, as a “remedy” for all 
forms of edema, and sometimes—tollowing the ancient tendency of doe- 
tors and laymen alike to make too much of a good thing—for totally 
unrelated conditions. Used thus promiscuously its effects were so un- 
certain that many physicians stopped using it entirely. 

By 1855, at least one basic fact had become clear: digitalis did not act 
directly on the kidneys; its virtues, whatever they might be, lay in what 
Withering had called its “power over the heart.” A French physiologist, 
Edme Vulpian, thought he knew the nature of the power: digitalis, he 
said, benefited the patient with an enlarged heart by improving the 
“tone” of the heart muscle—that is. by increasing its ability to contract 
—thereby reducing the size of the organ. He concluded, therefore, that 
the time to use the drug was affer the heart had become enlarged—but 
that course of action was rather like trving to lock the door when the 
horse was halfway out of the stable. Vulpian was confusing cause and ef- 
fect. In congestive failure, the heart is not inadequate because it is en- 


larged; it becomes enlarged because it is inadequate. 
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Pharmacologists continued to puzzle over the drug but made little prog- 
ress until the beginning of the 20th Century. Then a number of investi- 
gators evolved a new theory: digitalis influenced not the size or the 
“tone” of the heart, but, as Withering had written more than a century 
before, “the motion of the heart,” particularly the rate of the heartbeat. 

Scientifically, this was a little closer to the truth. But therapeutically, 
it led to the use of digitalis only for a condition called delirium cordis, 
which affects the heart’s rhythm, but not for congestive failure, the major 
eardiae condition for which it is now considered essential. 

It was not until the 1930s that the real secret of digitalis’ power began 
to be revealed. During that decade, experiments on animals and on 
isolated bits of heart muscle showed that the drug’s main action is di- 
rectly on the muscle. It causes the muscle to contract more forcefully and 
therefore to pump blood more effectively. This finding explained all the 
observations that had previously blurred the picture. The more vigorous 
a heart is, the more slowly it beats, because each beat is more efficient. 
With an adequate flow of blood through the kidneys, sodium—and there- 
fore water—is excreted more efficiently. Finally, with the heart no long- 
er overloaded, its size may subside toward normal. 

The explanation of digitalis’ action in the body also put it into its 
proper place in the doctor’s armory against disease: it is now the specific 
drug—what doctors call the “drug of choice’—for all cases of congestive 
failure. After long fumbling, medicine could make full use of the genius 
of Withering, not to mention the mother wit of the anonymous old 
woman in Shropshire. 

Digitalis merely increases the vigor of the heart muscle, and this 
change will not, of itself, relieve every type of heart disorder. To do an 
effective pumping job, for example. the heart must contract not merely 
vigorously, but also rhythmically. Rhythm is essential because the heart 
must perform an enormous amount of work. It can handle this load only 
if each of its various chambers and each fiber of its muscles contract in 
precisely the right sequence and at the right time, just as a group of men 
can hoist a heavy weight only if they pull together on the rope. If some 
pull “out of step,” their efficiency is cut. The same thing happens if the 
heart becomes “arrhythmic,” with some of its parts contracting out of 
sequence with the rest. The condition, called cardiae arrhythmia, can 
constitute a mild and harmless nuisance or can so impair the heart's 
etficieney as to bring death within minutes. 


Pulses from a pacemaker 


The heart gets out of step when its electrical control system goes 
awry. The heart's contractions are normally kept in rhythm by a net- 
work of specialized muscle fibers, which conduct electrical impulses to 
the rest of the heart on signal from a bit of tissue called the “pacemaker.” 
3v this means, the organ maintains a rhythm of about 70 beats per min- 
ute when the body is at rest. 

In some types of arrhythmias, the timing network has been damaged 


by disease, causing it to emit abnormal impulses. More commonly, how- 
ever, arrhythmia stems from damage to the heart muscle itself. When 
irritated or injured, a portion of that muscle begins to act as an inde- 
pendent source of timing signals, sometimes much more rapid than the 
normal heartbeat; abnormal beats have been clocked at rates up to sev- 
eral hundred a minute. The rapid signals can override the signals of the 
pacemaker, throwing the heart’s motions into disorder. 

Long before the detailed mechanisms of the heart’s timing system 
were understood, their ailments were being effectively treated with 
drugs. Digitalis, the oldest of the heart drugs, can slow the rapidity of an 
irregular heart, but it does not make an irregular heart regular. In most 
cases, the drug of choice is quinidine, which works quite differently. It 
depresses the electrical activity and irritability of the heart muscle, re- 
ducing or abolishing the independent impulses that are throwing the 
heart into turmoil. 


Powdered bark for ‘rebellious palpitation” 


Like digitalis, quinidine was used centuries ago but its action was long 
misunderstood before it assumed its proper role in medicine. As its name 
suggests, it is related to quinine. Both drugs are derived from the bark 
of the cinchona tree, and both are similar chemically. 

As early as 1749, a Parisian physician named Jean-Baptiste de Senac 
reported that he had used powdered cinchona bark to cure “rebellious 
palpitation” of the heart, but his report passed unnoticed. The drug was 
not forgotten, however. A century or so later, chemists had learned to 
purify quinidine and to separate it from quinine, used for malaria. 

Credit for rediscovering the antiarrhythmic effects of these drugs 
seems to belong not to a doctor but to a layman anonymous as Wither- 
ing’s old lady from Shropshire. One day in 1912, a patient whose name 
does not appear in the published medical records called at the Vienna 
office of Dr. Karl Wenckebach, and complained of an abnormal heart- 
beat. Wenckebach examined him and said that he could promise no cure. 
The patient thereupon declared flatly that he could cure himself. 

When Wenckebach expressed disbelief, the man announced that he 
would return next morning “with a regular pulse.” He did. On question- 
ing him, the doctor found that the patient had dosed himself with qui- 
nine. Later, experimenters compared the efficacy of quinine and its 
nearly identical twin, quinidine. The latter proved the better of the two 
—it is effective in smaller doses and thus side effects are less serious. 

The histories of digitalis and quinidine, from their beginnings in fox- 
glove leaves and cinchona bark to their use in modern medicine, have 
certain features in common. The third important heart drug—more pre- 
cisely, a group of related drugs—has a history differing at almost every 
point. These drugs, called nitrites, are not natural substances, extracted 
from leaves or bark, but products of chemists’ ingenuity. The medical 
significance of nitrites was discovered by physicians—no anonymous old 
ladies or obstreperous heart patients played a part. Their proper use was 






BRAIN 


SHORT CIRCUIT 
\ 


THE TORTUOUS PATH OF PAIN in heart 
ailments. including the very painful angina 
pectoris, causes the victim to feel not only 
chest constriction but also an ache in his left 
arm (seen here fram rear} The misplaced or 
“referred” pain arises because the stricken 
heart signals the brain that it needs more 
oxygen This strong message travels along a 


nerve close to another nerve path—one used 
for arm-pain signals—and at one of several 
points a “short circuit may occur the oxyqen 
signals excite the adjacent nerve. making it 
send arm-pain signals to the brain Treatment 


with nitroglycerin alleviates the oxygen 
lack causing the pain 


worked out, not generations after their original discovery, but within a 
few years—and they have been used for the same purpose ever since. 

That purpose is the relief of an extremely painful and relatively com- 
mon form of heart trouble called angina pectoris. Its cause is always 
some interference with the heart’s own blood supply—usually resulting 
from the condition called atherosclerosis, in which fatty deposits may 
narrow the walls of the coronary arteries and thereby reduce the flow of 
blood (and thus of oxygen) to the heart. The heart itself cannot feel pain. 
But its frantic signals for more oxygen can produce what is called “re- 
ferred” pain in other parts of the body. Particularly characteristic is pain 
traveling down the left arm to the little finger and a sensation of pressure 
or strangling, as if the chest were being compressed in a gigantic vise (the 
term “angina pectoris” is Latin for “strangling of the chest”). 

The nitrites, which provided physicians with their first effective weap- 
on against angina, came into medicine as part of the great scientific up- 
surge of the mid-19th Century. A new understanding of chemical theory, 
in particular, spurred chemists to build hundreds of new compounds; no 
less assiduously pharmacologists studied the effects of those newly syn- 
thesized compounds on animals and human beings. 


Amyl nitrite vs. angina’s agony 


One of these new substances was a volatile liquid called amyl! nitrite. 
First synthesized in 1844, it was studied by several investigators, who 
reported that the fumes of amy] nitrite produced flushing of the face and 
a widening of the tiny blood vessels called capillaries. In 1867 these re- 
ports were brilliantly used by Thomas Lauder Brunton, a 23-year-old 
Scottish medical student. Brunton had the insight to suspect that such 
a method of increasing blood flow might counteract angina pectoris and 
ease its pains. He tried amyl nitrite on some of his patients and it worked. 

In 1879, twelve years later, another British doctor, William Murrell, 
discovered that nitroglycerin worked equally well. The two drugs are 
chemically similar, as their names suggest, but how they relieve angina 
remains a puzzle. For many years it was thought that, as Brunton be- 
lieved, they did so simply by widening the coronary vessels. More recent- 
ly, however, some scientists have come to suspect that their effect may 
be more subtle, and that they act, not by stepping up the heart’s supply 
of oxygen but by reducing its need for oxygen. But again, how they do 
this—if they do it at all—is unknown. 

Disorders that involve the coronary arteries, as angina does, are par- 
ticularly dangerous because these blood vessels supply the heart itself. 
Other diseases of the blood vessels, affecting less vital parts of the body, 
are usually less serious. So long as they remain restricted to a particular 
organ or region, their effects may be unpleasant or even disabling, but 
are seldom fatal. This is not true, however, of one blood-vessel disorder 
that affects the entire arterial system simultaneously. It is called shock. 

Shoek usually stems froma relaxation of the muscles that regulate the 
diameter of the arteries. Normally, these muscles shunt blood to various 


tissues, as needed, by constricting arteries or permitting them to open 
wider. Occasionally, however—generally as the result of poisoning or se- 
vere injury—all the muscles relax at once, so that vessels throughout the 
body are wide open. The result resembles the situation in an apartment 
building when all the water faucets are opened at once. The water pres- 
sure in the building drops sharply, so that water does not gush from the 
faucets but merely trickles out. In shock, blood pressure falls sharply, and 
blood merely trickles through the wide-open circulatory system, supply- 
ing insufficient oxygen and removing too few wastes. 


A drug to transmit “orders” 


Because shock threatens all the body’s tissues at once, it is very seri- 
ous indeed. The physician can often combat it by administering a drug 
that will constrict some of the arteries and thus raise the blood pressure. 
One common drug of this sort is nor-epinephrine. This substance is, in 
fact, one of the body’s own hormones—one of the regulatory chemicals 
that transmit “orders” from the nerves to the tissues. There are other 
drugs that work in similar fashion, but all of these drugs—including nor- 
epinephrine—are still far from satisfactory (for one thing, they tend to 
constrict too many of the arteries, thus sometimes hampering circula- 
tion instead of helping); and pharmacologists and physicians are still 
searching for better compounds. 

With all their shortcomings, antishock drugs are superior to the other 
circulatory drugs in one important respect: they can, in some cases, ac- 
tually correct the disorder for which they are used. The others, immense- 
ly valuable though they are, can at best relieve some of the symptoms 
of disease or abolish some of its secondary effects; they cannot cure the 
disease itself. Digitalis can strengthen the beat of a weakened heart and 
cut down edema in the body—but it cannot restore the heart’s original 
strength. Quinidine can sometimes restore a normal heartbeat—but it 
cannot remove the injury or irritation that produced the abnormality. 
And the nitrites, though they rapidly relieve the pain of angina, cannot 
remove the atherosclerotic deposits that constrict the coronary vessels 
and cut the heart’s blood supply. 

The limitations of “heart drugs” are unfortunately typical of drugs in 
general—“kidney drugs,” “liver drugs” and “nerve drugs.” Indeed, with 
the important exception of the drugs that cure infection, no class of drugs 
is of much use in treating the fundamental causes or processes of disease. 
Drugs can relieve pain and discomfort (as the nitrites do in angina); they 
can limit or prevent some of the effects of disease (as quinidine does for 
arrhythmias); they can even at times counteract disease to the point of 
restoring a semblance of normal functioning (as digitalis does in conges- 
tive failure). Beyond this, however, the body must heal itself—if it can. 
When it comes to curing disease, modern physicians and pharmacologists, 
for all their skill and science, are little better off than the great 16th Cen- 
tury French surgeon Ambroise Pare, who often said, after a successful 
case: “I treated him—God cured him.” 


Keeping the 
Body's Balance 


Although human beings look reasonably solid, 65 per cent of 
their weight is actually liquid, and keeping that fluid bal- 
anced in quantity and composition is one of the most subtle 
ways in which drugs help the body. The job is a vital one 
because almost all processes in the body take place in some 
kind of liquid solution. Water is the basic ingredient of pro- 
toplasm, the jellylike substance that makes up the bulk of 
every body cell. A salty solution of warm water, laden with 
nutrient chemicals, bathes and nourishes these cells, and 
water also makes up the liquid part of the blood. 

A relatively minor change in the body's fluid content can 
result in severe illness or death. To keep the composition of 
its watery world stable, the body performs a skillful balanc- 
ing act. During every second of a human lifetime, vital organs 
juggle nutrients and wastes as dexterously as a circus per- 
former. Their balancing act is governed by signals transmit- 
ted by two tireless systems that work automatically, even in 
sleep: the autonomic nervous system, which transmits nerve 
impulses from the brain; and the circulatory system, which 
carries chemical messengers to the vital organs. When the 


body’s skillful jugglers slip, drugs can restore the balance. 





THE BODY'S CIRCUS ACTS 


Balancing like circus performers. bodily de- chemicals to organs fred, in bottom figure) 
vices control fluids essential to life The that juggle gases, salts and acids The balanc 
autonomic nervous system and circulatory ing organs are the pituitary, the lungs, the kid 


system (fop figure) send nerve impulses and neys and, capping the kidneys. the adrenals 
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Juggling Gases 
in the Lungs 


The first of the body's fluid-balance 
acrobatics—respiration, the juggling 
of oxygen and carbon dioxide in the 
blood—is one in which drugs may be 
called on to assume a leading role. 
The performance begins as oxygen is 
rhythmically sucked down the wind- 
pipe and sent through the branching 
bronchial tubes to the millions of mi- 
eroscopic, gossamer-thin air sacs that 
make up the lungs (opposite). The air 
sacs—so tiny that a lineup of 5,000 of 
them would measure only an inch, 
but so numerous that their combined 
surface area is half the size of a ten- 
nis court—are entwined by minute 
blood vessels, or capillaries (detail be- 

































low). It is in the saes that the actual 
juggling takes place: oxygen moves 
from air sac into capillary blood while 
carbon dioxide simultaneously moves 
the other way. 

The oxygen is sought by the blood’s 
red cells, which are made up largely 
of hemoglobin, an iron-rich compound 
with a great affinity for oxygen. Unit- 
ed with hemoglobin, the oxygen is 
carried tothe rest of the body; eventu- 
ally it is freed and delivered to in- 
dividual body cells. After the cells 
use the oxygen to burn fuel in energy- 
generating reactions, they release the 
waste product carbon dioxide. It dis- 
solves in the blood liquid and goes 








back to the air sacs—there to be ex- 
changed for fresh oxygen. 

To control this juggling, two brain- 
stem centers normally adjust the rate 
of breathing. But occasionally trou- 
ble arises because the lungs’ air sacs 
become abnormally rigid ‘as in em- 
physema) or the bronchial tubes ab- 
normally constricted (as in asthma). 
At such times drugs of several types 
(described in bores on the drawings) 
can intervene in several ways to keep 
up the vital exchange of oxygen and 
earbon dioxide. Drugs can be used ei- 
ther to expand the tubes and thus to 
ease breathing, or to put a temporary 
stop to breathing during lung surgery. 


DRUGS AND THE BREATH OF LIFE 

How we breathe—and how drugs can control 
respiration—is shown on these pages in the 
picture opposite. an inspiration center in the 
brainstem sends nerve signals (downward blue 
lines) to muscles of the diaphragm. rib cage and 
bronchial tubes. The diaphragm then flattens 
out. the rib cage expands and the bronchial 
tubes widen. enlarging the lung Nerve receptors 
in the lung detect this inflation and signal fup- 
going blue lines} an expiration center to re 
verse the process The breathing rate increases 
when receptors in the brainstem and in the 
aorta. the heart s main blood vessel. detect ex 
cess carbon dioxide or insufficient oxygen in the 
blood The muscle movements can be stopped 
or slowed by drugs /boxes/ that act upon the 
respiration centers or the muscles themselves 
The oxygen 's transferred to the blood from the 
air sac (detai/, left) 
ters a capillary and combines with hemoglobin 
fred) in a red blood cell 
bon dioxide (orange! passes from the capillary 
into the air sac to be exhaled If these processes 
are impaired by a lack of hemoglobin or red 
blood cells. doses of iron and blood transfusions 
replenish the patients depleted bloodstream 


There. oxygen (yel/ow/ en 
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ARTERY RECEPTORS 


The body must balance not only the 
composition of its fluids, but also their 
constant motion. Blood flows through 
arteries, veins and capillaries; plas- 
ma, the liquid part of the blood, con- 
stantly seeps through capillary walls, 
carrying nutrients to body cells and 
returning wastes to the bloodstream. 
All of this motion is powered by the 
body’s pump, the heart, and sustained 
with the help of drugs when illness 
strikes. The heart is instructed to 
pump fast or slowly, powerfully or 
gently, by means of nerve signals. 
Two different sets of nerves send 
signals to the heart: the sympathetic 
nerves (blue lines). whieh speed up 
the heartbeat; and parasympathetic 
nerves (purple lines), which slow it. 
Both sets are part of the autonomic 
nervous system, so called because it 
works automatically, without con- 
scious intervention from the brain, to 
control organs that must operate con- 
stantly whether we are thinking about 
them or not. If we depended on con- 
scious control rather than the au- 
tonomice system, the heart would not 
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NECK ARTERY 


beat nor the lungs breathe when we 
were asleep or unconscious. 

When the power or the rhythm of 
the heart is affected by cardiovascular 
diseases, drugs can be used to regu- 
late the heart’s functions. In conges- 
tive heart failure, for example, the 
heart’s pumping capacity fails to meet 
the needs of the body, but the drug 
digitalis acts directly on heart muscle 
to increase the force of its contrac- 
tion. Another drug, quinidine, reduces 
the muscle’s electrical activity, sup- 
pressing the signals that cause the 
erratic heartbeat called an arrhyth- 
mia. Epinephrine stimulates the 
heart's tiny “pacemakers” —the bits of 
nervelike muscle tissue that spark 
and regulate the heartbeat—to speed 
circulation in a patient suffering from 
shock. And in cases of high blood 
pressure, circulation can be lowered 
by drugs that block nerve impulses 
to the heart, either by reducing the 
amount of a chemical messenger that 
stimulates the heart muscle, or by 
affecting the so-called ganglia june- 
tions within the nerve system itself. 
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PENTOLINIUM 


STOPS NERVE IMPULSES 
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RESERPINE 
DEPLETES NOR-EPINEPHRINE 


EPINEPHRINE 


STIMULATES PACEMAKER 





QUINIDINE 


DEPRESSES HEART 
MUSCLE ACTIVITY 





DIGITALIS 


INCREASES FORCE 
OF HEARST 
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MECHANICS OF A HEARTBEAT 

The heart is a powerful muscle normally con- 
trolled electrically but affected at several points 
by drugs (described in the boxes). Ordinarily it 
iS regulated by the brainstem fopposite/) that 
coordinates signals from receptors (/eft/ in the 
aorta. and the neck arternes that are attuned 
to blood pressure When blood pressure is low 
or the carbon dioxide level high, the brain- 
stem sends a faster heartbeat signal along the 
spinal cord via sympathetic nerves /b/ue), a 
slower beat is called for over parasympathetic 
nerves (purple). Normally. the heart begins to 
contract for a beat when a tissue ‘node called 
the first pacemaker fred, /eft) generates an im- 
pulse (dotted red arrows) that spreads through 
the two upper chambers of the heart—tthe atria 
—and triggers a second pacemaker in turn, 
the second pacemaker transmits the impulse 
down conductive tissue within the septum sep- 
arating the two haives of the heart. The impulse 
spreads (red arrows) around the two lower 
chambers. the ventricles. causing them to con- 
tract and thus to pump biood out of the heart 
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| GUANETHIDINE 
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ARTERIOLE —+- V2 7: 


TO CONTRACT AND EXPAND VESSELS 

An arteriole contraction (top) begins when the 
brain sends an electrical signal down the spinal 
cord and along a nerve (b/ue line) to a nerve 
junction At the junction the nerve releases a 
chemical messenger. acetylcholine (green), that 
stimulates a second nerve (bd/ue /ine/ to trans- 
mit the siqnal to the muscular wal! of the vessel 





the chemical 


itself There. another messenger 
nor-epinephrine (brown), signals the arteriole 
muscle to contract If illness causes any of these 


chemical messengers to fail. “pressor” drugs. 
such as epinephrine, can be used to signal the 
contraction directly and thus raise the pressure 
of the blood If a decrease of blood pressure is 














A number of drugs can be used to 
control one important factor in main- 
taining fluid balance: the pressure 
of the blood in the arteries. If the 
pressure is too low, only a trickle of 
fluid may reach the body cells; if 
pressure is consistently too high 
the heart may weaken from overwork. 


ACETYLCHOLINE 





| IN GANGLION 






called for, the arterioles can be widened (bot- 
tom) by a variety of drugs. Sedatives cancel the 
original contraction signal coming from the 
brain to the nerves, drugs like guanethidine re- 
duce the amount of messenger released at the 
nerve endings. and the drug methyldopa pre- 
vents the formation of the messenger in nerves 


CHLORISONDAMINE 
STOPS NERVE SIGNAL 











Both high and low blood pressure 
can usually be traced to the smallest 
of the arteries, the arterioles. If the 
arterioles contract too much or if 
an excess of fluid is forced through 
them, the blood pressure soars. On 
the other hand, if the vessels expand 
too much or the volume of fluid is 


PLASMA AND 
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EXCESS FLUID 





SPIRONOLACTONE 


BLOCKS ACTION 
OF ALDOSTERONE 





ALDOSTERONE 


TO INCREASE AND DECREASE FLUID 

While some drugs regulate the diameter of the 
arterioles, others change the amount of fluid 
within them. If there 1s too little fluid—the con 
dition called shock (top/—the artenole walls 
lose tension and become flabby. then, when a 
nerve (blue line) releases nor-epinephrine 
(brown) to make the muscle contract, it cannot 


abnormally low, the pressure goes 
down. Ordinarily autonomic nerves 
and chemical messengers control the 
arterioles and the amount of fluid. 
But when these regulators fail, drugs 
can take over the job of regulating 
the vessels or can act in other ways to 
solve circulatory pressure problems. 


To restore the vessels to their normal diameter, 
the patient willbe given a plasma transfusion or 
a drug that expands the fluid volume An over- 
stretched vessel (bottom). however, can be as 
dangerous as a flabby one In one form of high 
blood pressure the vessels swell with excess 
fluid (b/ue circles) because an oversupply of the 

























hormone aldosterone (red triangles) circulates 
inthe bloodstream The unwanted aldosterone 
forces the kidneys to return excess salt and wa 
ter to the blood vessels— but a drug, spironolac- 
tone. acts to reduce the effects of aldosterone 
In this indirect way, the drug decreases the 
amount of fluid and lowers the blood pressure 












































Fluid Bal ance in Drugs help to maintain fluid balance 
even in the body’s excretions—the 

. acid or alkaline wastes that are elimi- 

the Kidneys nated by the kidneys. These twin 
organs get rid of the wastes in the 

form of urine. Urine actually passes 

through two stages. At first, it con- 

tains not only acids and alkalies, but 
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URINE DUCT 


BOWMAN S CAPSULE 







SPIRONOLACTONE 


INCREASES WATER EXCRETION 





ALDOSTERONE HORMONE 
FROM ADRENALS 


THE KIDNEY’S FILTER 

The nephron has two main parts a compara- 
tively small sac (top. center) and a winding 
tubule. wrapped in a mesh of blood vessels 
fright) inside the sac are blood vessels with 
perforated walls that permit the blood’s fluid to 
seep into the funnel-ltke end of the tubule Only 
asmall part of the fluid travels all the way to the 
urine Guct at far right; the rest. mostly wa- 
ter and salt. ts reabsorbed into the surround- 
ing blood vessels Hormones from the pituitary 


gland /ye//ow ftriang/es/ and the adrenal glands 
(red triangies’ requiate the reabsorption pro- 
cess One of them. the adrenal hormone aldoste- 
rone. can be blocked by the drug spironolactone 


if too much salt and water is being reabsorbed 











OCKS WATER REABSORPTION 








also important salts and water that 
the body needs; the kidneys must ex- 
crete the wastes, but reabsorb almost 
all the water and salts. 

The kidney performs this juggling 
act in overa million tiny filters called 
nephrons (opposite). Blood enters the 
nephron bearing water, acids, alka- 


MANNITOL 


MERCURIALS. THIAZIDES 


BLOCK SALT REABSORPTION 


lies and salts, and dribbles through 
a half-inch-long tubule 
below). There, most of the salts and 
water are reclaimed and returned to 
the blood. The nephrons filter about 
180 quarts of water a day; they re- 
claim all but two of them. In fact, a 
common kidney problem arises when 
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these hardworking organs work too 
hard. Insome diseases, such as heart 
failure, too much salt and water are 
reabsorbed into the blood, expanding 
its volume and bloating the patient’s 
For this condition, called 
dropsy, diuretic drugs are used to in- 
crease the excretion of salt and water. 


tissues. 
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INSIDE A TUBULE 
Across section of a kidney tubule shows a ring 
of cells that requlate urine composition From 


one waste product dissolved carbon dioxide 


(large Gark-blue circle). a catalyst (orange line! 


releases charged hydrogen atoms (smal/ dark 
bive circles! lf too much hydrogen is released 
kidney 


circle 


making the urne dangerously acid. the 


cells manufacture ammonia (sma// blue 


lower nroght) to neutralize the ai iit The cells 


also reabsorb salt (green! and water (pale blue 
at /eft/ from the urine But if too much salt and 
water are the druas called du 
blocks 


number of 


already present 


retics may be used One. acetazolamide 


the hydrogen-releasing catalyst. a 


others stop the reabsorption of salt and water 

















Battling 


Deadly 
Microbes 





IN 1935—not a particularly unhealthy year in this country—infectious 
diseases such as pneumonia and tuberculosis killed 233,881 Americans. 
Thirty years later, with a considerably larger population, the death toll 
from this group of diseases had dropped to 77,963. 

These two figures reflect a major triumph of drug science—indeed, its 
greatest triumph to date. In the treatment of infectious disease, as in 
no other important branch of medicine, the physician can offer not only 
relief but also cure. Thanks to modern drugs, the doctor can. more often 
than not, attack the root causes of infectious disease. 

The triumph of the anti-infection drugs is a case study in modern sci- 
entific progress. Their discovery, like most scientific discoveries, came 
about through a combination of inspiration, luck and hard work in solv- 
ing the problems of basic research. After experiments proved that the 
drugs worked, barriers remained to their successful use in medicine. 
The widespread use of these drugs required the solution of a different 
set of problems—notably, how to produce the drugs in quantity and at 
a reasonable price. And though scientific genius played a role in dis- 
covery and application, the drugs did not spring from the insights of a 
few towering intellects; dozens of pharmacologists, physiologists and 
physicians played their parts; so did hundreds of chemists, engineers 
and technicians. So, for that matter, did a British policeman, a dust 
mote wafted onto a culture dish of bacteria, and a rotten cantaloupe in 
a fruit-dealer’s bin. 

The drugs that resuited from this work include both the antibiotics, 
such as penicillin and streptomycin, and such other chemicals as quinine 
and the sulfa drugs. (Vaccines, though they have plaved an important 
role in the fight against infectious disease, are not discussed here be- 
cause they do not themselves combat infection but prevent infection by 
fortifying the body’s natural defenses against it. ) 

These drugs have not solved all the problems of infectious disease. A 
whole class of infectious organisms, the viruses—responsible for such 
diseases as influenza, encephalitis and the common cold—has thus far 
resisted the triumphant advance of modern pharmaceutical chemistry. 
Other organisms have shown an unnerving talent for “learning to live 
with” drugs that once were lethal to them. In the long fight against in- 
fectious disease, science has by no means won the war—but it has un- 
questionably won a series of major battles. 

In this war, as in all wars, strategy is based on understanding the 
nature of the enemy—in this case, parasites. Infectious disease is a spe- 
cial case of parasitism. Victims of body lice, tapeworms and tuberculosis 
all suffer from the same problem: they are hosts to organisms that they 
would be better off without. The physician's job is the same in all three 
cases: to get rid of the parasite without getting rid of the patient. 

The job is relatively easy in the cases of the louse and the worm, be- 
cause these organisms are visible and vulnerable. The larger creatures 
that infest the human skin can usually be spotted by a casual inspec- 
tion, and intestinal worms can be detected with little greater difficulty. 
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THE TOUGHEST MICROBES for drugs to kill 
are simple structures like the influenza virus and 
the mycoplasma that causes pharyngitis, a 
throat infection, One of the smallest and 
simplest of all microbes is the flu virus (right) 

a strand of protein and genetic material 
wound up like a bal! of twine and covered with 
protein and fatty material The prickly surface 
spines enable the virus to attach itself to the 
slippery lining of the body's respiratory tract 


In the slightly more complex mycoplasma 
microbe (far right) the genetic material ts 
clumped in the protein, which 1s surrounded 
by a membrane of triple thickness Both the 
mycoplasma and influenza microbes are so 
simple they ordinarily cannot exist on their 
own. When they invade body cells. they must 


rely on the cells for essential life processes 
as one result. nearly all drugs that kill viruses 
and mycoplasma kill the host cells as wel! 


Even the earliest civilizations were aware of these organisms and of the a 
role that they played in disease. Thousands of years ago, with only the 
erudest trial-and-error techniques, men developed drugs to remove 
such unwanted visitors. 

These parasites are vulnerable even to crude drugs because their large 
size requires the support of correspondingly complex structures and liv- 
ing processes. Each of these relatively big parasites maintains itself by 
the interplay of a large number of physical and chemical reactions, and 
a drug that sufficiently disrupts almost any of these reactions can kill 
the parasite. In the words of the German chemist Gerhard Domagk, one 
of the great names in the field of anti-infection drugs, “the more highly 
developed an organism, the greater the number of targets it offers for 
ichemical] attack.” In faet, the whole history of man’s war against para- 
sites demonstrates that the bigger they are, the easier they fall. 


Pinpointing a tiny target 


‘The germs that cause such diseases as TB are much smaller and tough- 
er targets than either lice or worms. Until the invention of the micro- 
scope in the 17th Century, they were completely invisible and indeed 
unknown. Even after they could be seen, their role in disease was not 
clarified for some 200 years. At that time, the latter part of the 19th 
Century, medicine possessed only two major germ killers: quinine for 
malaria and ipecae for amoebic dysentery, both derived from plant 
sources. These two were joined by a third in 1910, when the German 
chemist Paul Ehrlich synthesized the first man-made anti-infection 
drug, arsphenamine (also called salvarsan and “606”), to treat syphilis. 

Significantly, both malaria and amoebic dysentery are caused by pro- 
tozoa, the largest and most complex of the disease germs, while the or- 
ganism that causes syphilis is a spirochete, which is smaller and less 
complex. A successful assault on still smaller and simpler microbes, such 
as pneumonia bacteria, had to wait for another quarter century. 

In retrospect, this long delay seems strange, for hints of the coming 
victory over bacteria kept cropping up. As early as 1917, researchers no- 
ticed that certain synthetic compounds ealled sulfonamides could de- 
stroy bacteria. Unfortunately, this work was not followed up. In 1928, 
another hint was supplied by one of the most famous accidents in sci- 
entific history. A culture dish in the hospital laboratory of a British bac- 
teriologist, Alexander Fleming, was accidentally contaminated with a 
mold of the genus Penicillium. Fleming noticed that bacteria within 
the area of contamination died off, and concluded that the mold con- 
tained a destructive chemical, which he called penicillin. He predicted 
that pencillin might be useful in fighting disease, but it turned out to be 
extremely difficult to extract from the mold, and Fleming (“from lack,” 
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he later said, “of sufficient chemical assistance”) went on to other work. 

No lack of chemical assistance hampered the man who was to strike 
the first effective blow against the bacteria that cause disease. Gerhard 
Domagk worked for the great German chemical trust, |. G. Farbenin- 
dustrie, as the head of its laboratory in pathology. In 1935, after study- 
ing the antibacterial effects of a number of dyestuffs, he reported that 
a recently patented red dye called prontosil could cure mice infected 
with streptococcus bacteria. Administered to a baby who was dying of 
“strep” infection, prontosil effected a complete cure. 

Domagk’s discovery put antibacterial drugs “back on the agenda.” 
So wrote a group of French investigators who followed his lead and dis- 
covered that the curative effects of prontosil were due to another com- 
pound, sulfanilamide, which was formed when the dye was broken down 
in the body. In scores of laboratories, chemists began tinkering with the 
sulfanilamide molecule, producing sulfapyridine, sulfadiazine and some 
6,000 other “sulfa” compounds. Some 30 were finally selected for their 
beneficial effects and have retained their importance as antibacterial drugs. 

In 1938, the hunt for bacteria-killing drugs took a new turn when an 
Australian pathologist and a German refugee chemist teamed up at Ox- 
ford University for “a systematic investigation of the chemical and bio- 
logical properties of the antibacterial substances produced by bacteria 
and moulds.” H. W. Florey and Ernst Chain began with the penicillin 
that Fleming had laid aside in 1929. After working out a way of partially 
purifying the drug, they were able to confirm Fleming’s findings on peni- 
cillin’s extraordinary ability, even in minute concentrations—one part 
in 50,000—to kill a variety of bacteria. 


A temporary triumph 


It was fortunate that penicillin was potent, for it was still fiendishly 
hard to extract from the mold that made it. By 1940, after two years’ 
labor, the Oxford group had managed to accumulate enough of the crude 
preparation to treat just five patients. Two died despite the drug. The 
first promising case was an Oxford policeman dying of bacterial “blood 
poisoning.” The course of his disease was reversed by penicillin—part of 
which the researchers had salvaged from the urine of other patients who 
had received the drug—but his life could not be saved. He died when 
the supply of the drug was exhausted. 

This dramatic temporary victory over disease was encouraging but 
tantalizing, in wartime desperately so because of the need to treat in- 
fected battle and bombing wounds. Florey and Chain grew the mold 
only in small flasks—and it required the contents of 300 flasks to treat 
a single patient for half a day. Quantity production would have required 
acres of laboratory glassware—and war-torn Britain, pounded by the 
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VULNERABLE MICROBES, relatively easy for 
drugs to kill, are complex organisms usually 
capable of living independently of body cells 
For example. the rickettsia (far /eft/, which 
causes Q fever ts enclosed by a rigid wall as 
well as by a membrane When the microbe 
invades body cells. some of tts life processes go 
on independently and can be disrupted without 
killing the body cells Still more complex ts the 
twin pneumonia bacterium (center). enclosed 
by rigid cell walls Pneumonia bactera live 
outside body cells, and penicillin destroys 
them by preventing formation of ther 

cell walls) The amoebic dysentery protozoa 
(near left) also lives outside the body 

cells, taking nourishment, in the 

stage shown here, from its food vacuoles 
(black dots) \|ts highly organized nucleus 
(circle containing green genetic dots) can 


be disrupted by drugs like emetine 
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THE IMPORTANCE OF DRUGS is indicated 
by this graph of the US mortality rate from 
encephalitis and tuberculosis during the years 
1955 to 1963 During this period, research 
failed to yield drugs that would conquer viruses 
and the mortality rate of the viral disease 
encephalitis climbed steadily At the same 
time, the mortality rate from bacterial diseases 
such as tuberculosis steadily declined. thanks 
to effective antibacterial druas like 
streptomycin and aminosalicylic acid together 
with improved health measures 


nightly air raids of the Luftwaffe, was no place for that sort of project. 

The Oxford researchers went to America. There they were put in 
touch with the laboratory of the U.S. Department of Agriculture at 
Peoria, Illinois. One of the laboratory’s specialties was research in fer- 
mentation—a biochemical process which, like penicillin production, is 
carried out by molds. The laboratory's expertise proved invaluable. 
A new method of feeding the Penicillium mold increased the yield of 
the drug 10 times. Even so, the first 18 months produced only enough 
penicillin for 200 patients. 

The summer of 1945 finally saw the solution of the production prob- 
lem. Luck played a part, in the form of a new. high-yielding strain of 
Penicillium, which turned up on a moldy cantaloupe in a Peoria market. 
American ingenuity was also involved; three pharmaceutical companies, 
working in an almost new area of technology (now called biochemical 
engineering), developed a way of growing the mold in enormous vats. 
Over the next 18 months, penicillin production multiplied some 1,500 
times. By the end of the war, there was enough for every wounded sol- 
dier who needed it, and for every civilian, too. 

Penicillin and sulfa drugs dealt a body blow to many infectious dis- 
eases. For example, in bacterial pneumonia (one of the commonest in- 
fections in industrialized countries) the death rate had been about 30 
per cent. Sulfa drugs cut the figure to an estimated 10 per cent and peni- 
cillin to 5 per cent or less. Not all such diseases responded to these 
drugs, but year by year new drugs were developed to widen control over 
infections. One of the most dramatic of these achievements was that of 
Selman A. Waksman at Rutgers University. 


Lifesavers from the soll 


An expert on microorganisms that live in the soil, Waksman had 
been struck by the fact that the tuberculosis bacillus is rapidly de- 
stroyed when buried in soil. To seek the reason, he began hunting in 
1939 for an anti-TB substance in cultures of soil bacteria. Like Florey 
and Chain before him, Waksman was turning the hunt for anti-infection 
drugs in a new direction. He was looking for a bacteria-killing chemical 
derived, not from a mold, but from bacteria themselves; in effect, he 
planned to use bacteria to kill bacteria. After five vears, during which 
he and his associates studied no less than 10,000 species of soil bacteria, 
he produced the first antituberculosis drug: streptomycin, extracted 
from a bacteria group ealled Streptomyces. Subsequently, Streptomyces 
eontributed half a dozen other drugs, including the tetracycline com- 
pounds, the first “broad-spectrum” antibiotics that attack dozens of 
bacterial species of widely different types. 

These great discoveries of the 1940s and 1950s have given physicians 
a well-stocked arsenal of weapons—but only against bacteria. For the 
most part, viruses resist treatment by drugs. Vaccines have drastically 
reduced the incidence of viral diseases, such as smallpox, polio and 
measles. but these diseases have not been wiped out, and to an unvdc- 


cinated individual they are as dangerous as they ever were. And there 
are neither vaccines nor drugs effective against other important viral 
diseases, such as encephalitis and the all-too-common cold. 

One reason for this lack of progress is that viruses were, until quite 
recently, almost impossible to study in the laboratory. Another is the 
fact that they are extremely simple in structure. Even the least compli- 
eated bacterium can survive only by carrying on several hundred chem- 
ical reactions, any one of which might be blocked or misdirected by a 
drug. A virus probably makes do with only a dozen reactions or so— 
and not one of them, as yet, is vulnerable to drugs. 


A dangerous placebo 


If more people understood that viruses are largely invulnerable to 
all known drugs, a serious health problem might be avoided. This prob- 
lem arises from the overuse of antibiotics. Many persons, believing that 
antibiotics can cure any infection, press their doctors for a dose of pen- 
icillin for virus ailments like influenza or the common cold. And some 
doctors are unwise enough to yield to the pressure, in effect using the 
antibiotic as a placebo. The patient may or may not benefit from the 
“placebo effect”—but any benefits he gains may be heavily outweighed 
by his becoming allergic to the drug, so that future treatment with it 
will be dangerous, even fatal (some 300 people die each year from al- 
lergic reactions to penicillin). 

The phenomenon of sensitization does not mean that a drug is toxic. 
So far as is known, no one has ever been harmed by his first treatment 
with penicillin; indeed, the fatal dose of the drug is so high that it has 
never been determined. But for a sizable number of people—perhaps as 
many as 10 per cent of the population—treatment with penicillin results 
in an allergy to the drug, so that subsequent doses will produce reac- 
tions ranging from intolerable skin rashes to death. 

There is another hazard arising from overuse of antibiotics that is 
especially relevant to the “broad-spectrum” tetracyclines, which can 
cause harm because they kill some but not all bacteria. Normally, the 
body contains a great variety of species of bacteria. These bacteria 
usually hold one another in check; no one species can multiply suffi- 
ciently to cause any harm. But if an antibiotic eliminates most of the 
competing species—and no drug ean eliminate all of them—the survivors 
may undergo explosive multiplication, producing a dangerous “super- 
infection.” This condition is particularly dangerous if the surviving mi- 
crobes are resistant to anti-infection drugs. Nowadays, this is often the 
ease. Drug resistance has become a problem to physicians, a danger to 
their patients and a perennial challenge to pharmacologists. 

Drug resistance develops because microbes, like people, vary in their 
response to drugs: some can survive a dose that others rapidly succumb 
to. Moreover, microbes transmit this resistance to their descendants. 
Thus drugs that weed out the “unfit” (i.e., vulnerable) strains of mi- 
crobes subject the species to a kind of unnatural selection. Carried on 
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TRANSFER OF DRUG RESISTANCE trom 
one bacterium to another occurs when genetr 
material that ordains the resistance. called an 
episome. is passed between two germs This 
becomes a matter of concern when a harmless 
bacterium lke Escherichia coli (above. right! 
which somehow builds up resistance to 
antibiotics encounters a harmful bactenum 
like dysentery-causing Stigella (abave. /eft) and 
passes on its drug resistance to the harmful 
germ The transfer occurs as shown the two 
bacteria. only one of which has an episome 
meet (1) and a passaqeway apparently forms 
between them (2). the episome duplicates and 
crosses the passageway (3), endowing the 


Shigella with resistance to antibiotics (4) 
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AN ANTIMALARIA STAMP, issued by the 
West African republic of Sierra Leone in 1962 
commemorated an international campaign to 
wipe out the infectious disease Conceived by 
the World Health Organization, the campaign 
was aimed mainly at the malaria-spreading 
Anopheles mosquito. depicted on the stamp 
under a globe bearing the Health Organization's 
symbol. Success was striking at first—malaria 
mortality dropped 50 per cent in 10 years 
but progress later slowed. partly because both 
mosquito and disease organism developed 
resistance to the drugs used against them 


over several generations (a generation in microbes may last less than an 
hour) this evolutionary process may produce strains that cannot be 
affected by any medically practicable doses of the drug. The use of 
streptomycin, in fact, has produced strains of harmful bacteria that 
literally cannot live without it. 

In the unending war between drug makers and microbes, the inven- 
tion of an effective drug is only one small victory; the microbe always 
strikes back, somehow, so that total conquest of an infectious disease 
remains tantalizingly out of reach. Witness the case of malaria, which 
by rights should be well under control. It is not. 

Malaria has been afflicting man with its violent cyclical chills and 
fever for as long as we have any record, and almost certainly long before 
records were made. Closely related species of the parasite infect both 
men and apes, and the common ancestor of these strains is thought to 
have plagued the common ancestor of the higher primates. The disease 
was formerly widespread in nearly all the moist tropical and temperate 
areas of the world, and even today threatens nearly a billion people. 
Though its commonest forms are seldom directly fatal, they are griev- 
ously debilitating; in the poverty-stricken countries where they are en- 
demic, the disease drains off an enormous amount of human energy that 
could otherwise go toward improving the standard of living. 


“Miraculous results in Lima” 


The first chemical blow against malaria was probably struck by some 
anonymous but sharp-witted Peruvian Indian medicine man, who dis- 
covered that the powdered bark of the cinchona tree could sometimes 
put a fever-ridden warrior on his feet. Certainly by about 1630 the 
Spanish conquerors of Peru knew of the bark’s effects (“it has,” wrote 
a Spanish monk in 1633, “produced miraculous results in Lima”). 

By the end of the 17th Century, the drug—variously called Peruvian 
Bark, Jesuit Powder or Cinchona—was in fairly general use as a cure for 
and a preventive against the violent periodic fevers that were eventual- 
ly recognized as symptoms of malaria. (It was also used for other types 
of fevers, which it, like aspirin, can relieve though not cure.) Unfortu- 
nately, the bark—or, more specifically, its active principle, quinine—was 
sometimes ineffective, often toxic and invariably expensive. But for 
some 300 years quinine remained the only useful antimalarial drug. 

During the years between the two World Wars, several synthetic 
antimalarials were developed, chiefly by German chemists, spurred by 
their country’s lack of quinine during World War I. Ironically, the chief 
beneficiaries of this research were not the Germans but Allied troops in 
World War II. Hundreds of thousands of them were dosed with the syn- 
thetic drug quinacrine (Atabrine), first prepared in Germany from a 
derivative of coal tar. (Quinacrine—like quinine itself—can both cure 
malaria and, if taken regularly, prevent its symptoms.) But quinacrine 
did not wipe out malaria. Of the Allied troops who invaded Sicily during 
the war, more were hospitalized with malaria than with battle wounds. 


Allied researchers set up a large-scale program for turning up newer 
and even better antimalarial drugs, in the course of which they screened 
more than 18,000 compounds. Among the discoveries was chloroquine, 
whose molecule resembles those of quinine and quinacrine. Soon after 
the war it became the standard drug for almost all types of malaria. 


A drug to kill a disease carrier 


Meanwhile, a quite different drug, the potent insecticide DDT, had 
opened up what seemed to be an even more effective means of abolish- 
ing the disease: that is, wiping out the mosquitoes that transmit the 
malaria parasite, rather than attacking the parasite after it has entered 
the body. In the United States, DDT and chloroquine together nearly 
eradicated malaria (as late as 1935, it had attacked some 100,000 Ameri- 
cans annually). In 1955, with similar successes chalked up in the U.S.S.R. 
and other European countries, the World Health Organization started a 
world-wide program to conquer malaria. 

The results have been impressive. In scarcely more than a decade, the 
annual toll of a quarter of a billion malaria cases had been cut by 44 per 
cent; the annual death toll of some two million had been chopped in 
half. The “side effects” of the program have been equally extraordinary. 
In parts of Cambodia, land values in formerly malarial areas have dou- 
bled now that it is relatively safe to work there; in Ceylon, rice cultiva- 
tion is up tenfold as a result of the elimination of malaria. 

But progress is slowing down. None of the malaria drugs are as effec- 
tive as they once were. Mosquitoes are rapidly becoming drug resistant: 
more than a quarter of the mosquito species that transmit malaria from 
man to man can now withstand DDT—and most other available insecti- 
cides as well. 

Even worse, the malaria parasite is showing itself quite as adaptable 
as the mosquito, its insect partner in disease. In 1960, two American 
geologists working in South America came down with a malaria that 
proved to be unaffected by chloroquine. At first, the experts did not 
believe it—but before long, similar resistant strains of malaria microbes 
had turned up on the other side of the world, in Thailand, Cambodia 
and Malaya. And in the fall of 1965, American troops in Vietnam began 
coming down by the hundreds with chloroquine-resistant malaria. As 
one expert put it, “the world’s number one anti-malaria drug had been 
knocked out of the box.” 

What is true of malaria seems to be true of most other infectious dis- 
eases. Even with adequate supplies of drugs, and adequate medical fa- 
cilities for administering them—which only a minority of the world’s 
people possess—man’s unwanted microbial guests can at best be con- 
tained, not eradicated. Total victory over infection, if it can be achieved 
at all, will require a greater scientific breakthrough than that embodied 
in the work of Fleming, Domagk and Waksman. The microbes of disease 
have been on earth far longer than man and, despite all our science and 
skill, they promise to be with us for quite a while to come. 
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THE UNEVEN DECLINE OF MALARIA. 
which doggedly resists total eradication 

is shown in this qraph In the early 1930s 
when more than 100 000 cases of malaria 
were reported in the US annually, mosquito 
control programs resulted in a modest decrease 
Then returning World War Il veterans brought in 
additional cases. causing the graph to rise 
slightly After the war new druqs-— notably 
chloroquine and the insecticide DDT — produced 
a sharp drop This progress. in turn. was 
interrupted by the return of Korean War veterans 
with malaria Later the decline resumed—to be 
reversed again in the 196Qs by an influx of 


foreiqn visitors and Vietnam veterans 
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When Natural 
Defenses Fail... . 


Every moment of every day the human body is attacked by 
germs—viruses, bacteria and other microbes that can trigger 
infections as trivial as a cold or as dangerous as meningitis. 
Yet nearly every invasion is repelled by the body’s defenders, 
sometimes working alone, sometimes reinforced by drugs. 
How this defense system operates is only now being ex- 
plained. The findings of immunologists like the Nobel Prize 
winner Sir Macfarlane Burnet of the Australian Academy of 
Science (opposite) have shown that one basic mechanism 
supports all defensive action. It is the human body’s ability, 
developed over millions of years of evolution, to preserve its 
own individual quality—the special genetic characteristics 
that make its cells uniquely its own. The body automatically 
recognizes the alien quality of genetically different cells, such 
as disease germs, and tries to protect itself against them by 
placing physical obstacles, such as skin, and antiseptic secre- 
tions, such as tears and mucus, in their way. If germs pass 
these barriers, the body calls upon special cells and chemicals 
to destroy them. But even these defenses may fail. Then drugs 
are needed, either to augment the body’s own protective pow- 


ers or to provide weapons that the body does not possess. 





AN ALIEN MONSTER REJECTED 


The chimera of Greek myth. a freakish blend of the human body refuses to be a chimeric mix- 
HON, goat. serpent (opposite) could not nor- ture: it rejects alien species, such as germs 
mally be encountered among humans. For. as that invade it. destroying them with scavenger 


immunologist Sir Macfarlane Burnet explains cells (white) and chemicals (colored circles) 
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The Skin: Shield 
against Germs 


The body’s first line of defense is its 
skin—17 square feet of wrapping, no 
more than °16 inch thick, that acts as 
a physical barrier to mechanical in- 
jury and as a shield against germs. 
The skin is actually a single organ, 
but it performs a variety of functions. 
It filters out dangerous ultraviolet 
rays from the sun, prevents internal 
tissues from drying out in the air or 
getting soggy in the rain, cools the 
body by evaporation from the sweat 
glands, and eliminates waste prod- 
ucts through the pores. It is also a 
factory, producing vital body chem- 
icals: its cells help make vitamins and 
exude a protective oil called sebum. 
At the nose, mouth and anus skin 
turns inward to become a modified 
“inner” skin that lines the respiratory 
and digestive tracts. There, its cells 
produce another protective secretion, 
mucus, that contains an antiseptic, 
lysozyme, also present in tears. How- 
ever, the skin's own defensive materi- 
als ean fail and then drugs are needed. 
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REMEDIES FOR COUGHS 


Drugs that have been developed to ntrol 
coughs resulting from infection of the bronchial 
tubes act inthe three areas shown above Somes 
opiates prevent ine brains oughing center 
(white cross) from stimulating a cough Othe 
sedatives keep the nerves inthe lungs and bron 


chial muscles (yellow crosses/ trom alerting the 


coughing center Expectorant: 


Stimulate the flow of soothing fluids and mucus 


that fights infection in the upper respiratory area 


hlack crosses! 


THE BODY'S OWN ANTISEPTIC 

The germ-killing qualities of the liquids secreted 
by the eyes and the bronchial tubes are due to 
sritains D ( 
Phillips (above/,A X NorthandC F Blake have 


found how lysozyme dissolves bacterna (above 


a natural antiseptic. lysozyme 


purple} despite their protective walls made of 
two types of sugar (represented by two shades 
of pink rings) Lysozyme breaks chemical bonds 


between the suaqgars and destroys the cell walls 





Tear ducts surrounding each eye supply lyso 
zyme to protect these organs In a bronchial 
tube (cross section be/ow), antiseptic is released 
by mucus cells (ye//low/ and circulated by hairs 
onthe bronchial cells (pink with black nuclet) 
lf bronchial infection occurs despite the lyso 
zyme, the resulting cough can be controlled 
with dextromethorphan, tested by Hylan Bick 


erman (below. center) of Columbia University 





Chemical Defense 
against Viruses 
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Despite the skin barrier, some invad- 
ing germs do enter the body. Then 
the inner defenses take over. The 
fastest to mobilize is an antivirus 
chemical called interferon, which is 
released by the tissue cells within an 
hour after a virus invasion. 
Interferon acts indirectly, taking 
advantage of a quirk in virus repro- 
duction. An invading virus cannot 
multiply until it enters a body cell, 
where it can safely shed its outer 
jacket, thus freeing the genetic mole- 
cules inside. Then the molecules re- 
produce so wildly—up to 10,000 times 
in seven hours—that they seize con- 
trol of the infected cell. They force 
the cell to make jackets for the newly 
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STATOLON’S STIMULATION 


reproduced virus molecules, which 
then become ready to attack other 
cells in the body. 

When viruses are inside cells, they 
are safe from most direct drug action, 
for drugs powerful enough to kill the 
virus generally kill the cells. Interfer- 
on, released by the infected cell, does 
not protect that cell, but prompts 
defensive action by nearby cells; it 
stimulates the adjacent cells to pro- 
duce a protein that prevents virus 
molecules from reproducing and 
spreading infection. Scientists now 


hope to boost interferon production 
artificially with drugs such as stat- 
olon described below), which has 
shown promise in tests on animals. 





INTERFERON’S INTERFERENCE 
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NEWFOUND CAUSE OF FEVER 





White Cells 
Enter the Fray 





If the be xdy’s frontline defense is over- 
come, allowing germs to establish a 
beachhead in body tissues, infection 
sets in. The infected area becomes 
inflamed and swollen as blood ves- 
sels expand to bring up blood-borne 
reserve troops. ‘These defenders are 
white scavenger cells called phago- 
cytes, which squirm out through the 
blood vessel's walls to engulf and di- 
gest microbes in the surrounding tis- 
sue. As the phagocytes counterattack 
the invaders, they release a chem- 
ical that causes fever. Fever seems 
to aid the body’s defense forces, but 


how it does so is unknown—as Is the 
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mechanism by which ordinary aspi- 
rin, that common and reliable drug, 
reduces fever. 

The debris of dead microbes and 
phagocytes is drained away by the 
body's intricate network of lymph 
vessels. Other parts of the lymphat- 
ic system—the tonsils in the throat 
and the thymus gland beneath the 
breastbone—were once thought to be 
useless. Now it is known that the 
tonsils are especially rich in disease- 
fighting phagocytes, and that during 
childhood the thymus manufactures 
special cells that later will devel- 
op into defenders against infections. 
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large parasites, the infective agents 
of the major diseases that trouble 
the world today: malaria attacks 
nearly a billion people, and worm in- 
festations even more. 

To fight infeetions, doctors depend 
upon drugs such as the sulfonamides, 
whose application to medicine in the 
vear 1935 marked the dawn of mod- 
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Antibodies That 
Cinch the Victory 


Drugs can kill some germs, but ul- 
timately the battle against infection 
is won by the body itself. After an 
infection has set in, the body calls 
into action two extraordinary chemi- 
cal defenders called antibody and 
complement. Their role was first ac- 
curately analyzed between 1928 and 
1950 by Michael Heidelberger of 
New York University (opposite), who 
with F. E. Kendall and Elvin Kabat 
determined the chemical nature of 
the antibody and demonstrated the 


existence of the complement—so 
called because it aids or comple- 
ments the action of an antibody. 
The antibodies offer a more pre- 
cise defense against infection than 
the interferon that blocks virus re- 
production (page 106). While inter- 
feron acts against most viruses, an 
antibody effective against one type 
of germ will not act against another 
type. Each antibody is tailored to 


interlock with and neutralize a spe- 
cific molecule of a germ. This unique 


molecule, called an antigen, is fre- 
quently found on the germ’s surface. 

Every one of the thousands of spe- 
cies of germs bears different char- 
acteristic antigens. It is, in fact. the 
antigen on a germ that signals the 
body to recognize the germ as an 
alien invader. Thus signaled, the 
body begins to manufacture an anti- 
body to neutralize the invader. In 
a lifetime, the body makes thou- 
sands of types of antibodies against 
the myriad antigens that attack it. 
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Immunity: The 
Body's Memory 


One of the body’s most powerful de- 
fenses against infection is its immu- 
nological memory—a memory that 
ean be acquired naturally, through 
exposure to disease, or artificially, 
through the action of certain drugs. 
Once an invading germ has been re- 
pelled by antibodies, the body never 
forgets. If the microbe ever attacks 
again, the body remembers its earlier 
battle and produces appropriate an- 
tibodies to counter the antigen—and 
these new antibodies are produced 
much faster the second time than the 
first, so fast that the victim may not 





A BENIGN SHOT 


Posed before a symbolic backdrop of a vaccine 
“shot” are Harry Meyer (right/ and Paul Parkman 
of the US National Institutes of Health, who 
developed a German measles vaccine This ts 


expected to protect preqnant women from Ger 
man measles, which could harm their unborn 


babies. The new vaccine uses the mechanism 


common to most vaccines German measies 


even be aware of the second invasion. 
In this way, an initial victory over 
some diseases—chicken pox, for in- 
stanece—often leaves the victim with 
a lasting “natural immunity” against 
future attacks. 

The victims of certain infections, 


however, never acquire natural im- 
munity. Colds and influenza repre- 
sent the best known failures of the 
body’s memory, but these lapses are 
hardly surprising. The common cold 
is not a single disease; its symptoms 
can be produced by as many as 100 
different germs, each of which has 


viruses are grown in the laboratory Then they 
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and the body will remember how to make those 


antibodies if the same infection strikes aqain 


a different antigen. And the influen- 
za virus is particularly insidious be- 
cause it constantly mutates, thus 
changing its antigen. 

To combat a number of infections 
that may cause damage before nat- 
ural immunity is gained, artificial 
immunity is often produced by a spe- 
cial class of drugs, the vaccines. Vac- 
cination introduces weakened germs 
into the body to trigger the develop- 
ment of antibodies. Thereafter the 
body can re-create the antibodies as 
needed to protect itself against fu- 
ture attacks by the same type of germ. 
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Flaws in 
Prenatal Defenses 


An unborn baby’s prime protection 
against microbes and overly potent 
drugs is the placenta that surrounds 
the fetus in its mother’s womb. The 
placenta separates blood vessels of 
mother and fetus by a fluid and tis- 
sue “barrier,” which ordinarily pre- 
vents germs and large molecules in 
the mother’s blood from reaching the 
fetus. But the system is not fool- 
proof: harmful germs or molecules do 
occasionally get through the barrier 
to the fetus’ body. Among them are 
the German measles virus and drugs 
like thalidomide that can interfere 
tragically with a fetus’ development. 
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When the Body 
Attacks Itself 


Some of man’s most pernicious ail- 
ments can be fought only by using 
drugs to counteract the body’s own 
defenders. These ills arise when the 
defenders err, attacking not harmful 
invaders but innocuous or beneficial 
substances—even part of the body 
itself. Rheumatic fever, which is gen- 
erally preceded by a streptococcus 
infection, may occur because the an- 
tigen of st reptococcus bacteria resem- 
bles a substance in the heart muscles; 
the antibody designed to neutralize 
so attacks the heart. 

A common example of harm done 
by defenders is allergy. An allergic 
person reacts to harmless antigens. 





the germs a 


Hay fever, for example, occurs be- 
cause the body produces an unneed- 
ed antibody against pollen antigens. 
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THE REVEREND EDWARD STONE, an 18th Century English clergyman and 
amateur pharmacologist, sought new drugs according to a rule. God in 
His wisdom, Stone believed, had provided for man’s well-being by plac- 
ing the cures for diseases in close proximity to their causes. For example, 
the “agues and intermitting disorders” (malarial fevers) that abounded 
in swampy districts ought to be cured, or at least alleviated, by some 
plant growing around marshlands. 

In 1763 the Reverend Stone made a discovery that seemed to him to 
prove conclusively that his idea was correct. On rambling walks around 
his parish town he learned that the countryfolk of the region often treat- 
ed fevers with a decoction made from the bark of the willow, a tree com- 
mon in marshy locations. He sampled a bit of willow bark and was 
pleased to find that it had the same “extraordinary bitterness” as qui- 
nine—at that time the only available antimalarial and fever-reducing 
drug, and a terribly expensive one. Stone, who had a local reputation as 
a healer, treated some 50 fever-stricken patients with the willow-bark 
mixture, and it reduced the fever and relieved pain in every case. 

In a letter to the Royal Society of London for Improving Natural 
Knowledge, Stone simultaneously proclaimed the virtues of the willow 
tree and the confirmation of his concept of pharmacology: “As this tree 
delights in a moist or wet soil, where agues chiefly abound, the general 
maxim, that many natural maladies carry their cures along with them, 
or that their remedies lie not far from their causes, was so very appo- 
site to this particular case, that I could not help applying it; and that 
this might be the intention of Providence here, | must own, had some 
little weight with me.” Stone’s case histories were persuasive, and wil- 
low bark became a standard item in the physician’s arsenal of drugs. 
Even more important, chemists later got around to isolating the bark’s 
active principle and then to synthesizing a number of related com- 
pounds, which are called salicylates, from the Latin salir (willow). One 
of them was acetylsalicylic acid, better known as aspirin, which has be- 
come the standard fever-reducing drug both in the hospital pharmacy 
and the home medicine chest. 

The Reverend Stone’s discovery (or more accurately, rediscovery, for 
the virtues of salicylate-containing plants had been known in antiqui- 
ty) was a classic case of a useful conclusion reached from faulty prem- 
ises. First, the salicylates cannot do what he expected them to do; they 
are not antimalarial drugs. The ailments for which they are most usefu! 
are not the “agues” emanating from mosquito-ridden swamps but the 
colds, grippes and influenzas that afflict mankind regardless of topogra- 
phy. Second, there is no necessary connection between the bitter taste 
of a drug and its physiological effects; morphine, which will not help fe- 
ver of any kind, is just as bitter as quinine. Nor, for that matter, is there 
any evidence that the Almighty is as provident of man’s pharmacologi- 
cal requirements as the clergyman believed; otherwise we might expect 
to find a cure for tetanus in the horse dung where tetanus bacteria 
are commonly found. 
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Yet Stone’s notion, for all its fallacies, bears a crude resemblance to 
the theory behind what is now called the “rational” approach to phar-™ 
macology—one of the two basic methods of discovering new drugs. 
Though most of his assumptions were wrong, his fundamental proce- 
dure was, and is, perfectly valid: decide what you want to do to the 
body, then figure out what sort of drug ought to do it. In principle, the 
rational approach is the ideal path to drug discovery. Because it allows 
the pharmacologist to progress directly to his goal, it is quick and cheap 
—and in addition possesses the combination of intellectual precision, 
economy and dexterity that the scientist calls elegance. 

But for all its eficieney and elegance in theory, the rational approach 
is almost impossibly diffieult in practice. To alter the body rationally re- 
quires exact knowledge of the body’s biochemical processes and of the 
ways those processes can be modified by a specific kind of drug mole- 
cule. Though modern knowledge of these matters is infinitely greater 
and more sophisticated than the primitive learning of the Reverend 
Stone, it is very seldom sufficient to lead pharmacologists along the 
straight, rational path to an effective drug. 


Trial, error—and luck 


Because of this ignorance, nearly all advances in modern pharma- 
ecology, from 19th Century anesthetics to the contraceptive pill of the 
1960s, have come through the second method of discovering drugs—the 
empirical, or trial-and-error, approach. The empirical pharmacologist is 
a scientific detective who collects clues, sifts throvigh evidence and fits 
together seemingly unrelated facts, until finally he can track down a use- 
ful remedy. Some of his discoveries seem to be nothing but happy acci- 
dents, but recognizing the significance of an “accident” always demands 
acute observation and broad knowledge. More often, chance plays only 
a small role in the search for a new drug, and success depends on careful 
preparation and hard work. 

The drug seeker does not start blindly. He draws on his up-to-date 
understanding of biochemistry for leads to chemicals that are known to 
influence important bodily functions. Then he looks for new members 
of that chemical family. His search is far more extensive than any an- 
cient hunt for hidden pirate treasure. He penetrates unmapped jun- 
gles seeking new plants, soil organisms and even witch doctor remedies 
that may be useful. He collects the venom of deadly snakes and dredges 
the ocean bottom for strange sea creatures that produce unusually po- 
tent compounds. He methodically examines the synthetic chemicals 
pouring out of laboratories and refineries. From this study of hundreds 
and even thousands of ditferent substances may come one or two prom- 
ising compounds (10,000 substances were tested in the five years of re- 
search that led to streptomycin). But even then the pharmacologist’s 
search is not ended: he may still have to alter the molecular structure of 
his discovery in order to fashion a drug that can be used on humans. 

Expeditions to the remote corners of the world and meticulous screen- 


ing of vast numbers of materials make trial-and-error drug searches very 
expensive. But this approach has been enormously productive, repay- 
ing its cost many times over in benefits to mankind. Until knowledge 
of biochemistry advances far beyond its present state, the laborious 
trial and error of the empirical approach remains the best method of 
finding new drugs. 

In his search, the modern pharmacologist draws on four main sources 
for the materials he will scrutinize. He may look to the traditional lore 
of folk medicine for remedies worth trying. Or he may, more directly, 
seek physiologically active compounds among plant chemicals, animal 
substances or man-made synthetics. Each of these four sources offers 
special possibilities and poses special problems for the drug hunter, 
and each is worth separate consideration. 

The pharmacologist seeking new drugs knows that mankind has been 
engaged in the same search, though in a crude way, for thousands of 
years. Folk medicine—the accumulated findings of generations of medi- 
cine men, priest-magicians, “wisewomen” and plain quacks—has piled 
up an enormous haystack of nonsense, in which careful search can some- 
times find a sharp needle of scientific truth. It was folk medicine—the 
traditional family remedy of willow-bark tea—that enabled the Rever- 
end Stone to reach a useful conclusion from irrational premises, that 
helped William Withering to the discovery of the heart drug digitalis 
and that put morphine and quinine (among other valuable drugs) into 
the pharmacopoeia. 

Nor is the scientific adaptation of folk medicine wholly a thing of the 
past. One of the most successful recent examples is the discovery of the 
tranquilizer reserpine, which owes its present use to a couple of shrewd 
Indian chemists who noted that snakeroot, or rauwolfia—the natural 
source of modern reserpine—had long been used by folk practitioners 
in their country to treat insanity. Another instance of folk-medicine 
investigation, though it ended in far less of a pharmacological success, 
reveals some of the stranger-than-fiction adventures experienced by de- 
termined drug hunters in search of new remedies from old sources. This 
tale includes an elixir of youth, an Oriental prince and an ancient manu- 
script found in a ruined temple. 


Rejuvenation from a jungle creeper 


As recounted in an American medical magazine a few years ago, “the 
story begins with a 1932 report by an Englishman in Siam (now Thai- 
land) that elderly natives got a new lease on life by eating the root of the 
kwao vine, a jungle creeper of the bean family.” Chemical studies by 
Thai and German scientists showed that the root contained a strong 
estrogen—a substance akin to certain female hormones—which, in the 
ease of elderly women at least, could indeed be expected to have some 
rejuvenating effect. 

In 1948, British and Australian researchers interested in estrogens 
turned up the earlier reports. Their curiosity piqued, they mounted an 
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expedition to Thailand. With the aid of a Thai botanist, Prince Lakshna- 
kara Kashemsanta, the expedition brought back some hundreds of* 
pounds of kwao root, as well as a pamphlet by a Thai civil servant de- 
scribing its virtues. The pamphlet, in turn, was based on an ancient 
Burmese medical treatise inscribed on palm leaves. which had been 
found in a temple wrecked by lightning. Awao,. it declared, “was well 
known in both Thailand and Burma, and was reputed to make old peo- 
ple young. One patient was said to have reached the age of 280.” 

When the researchers purified the active principle of kwao. they found 
that it was quite as potent, both in the test tube and in patients. as any 
known estrogen that could be given by mouth. But the investigation 
ended in an anticlimax: kwao also produced side effects that made it “un- 
suitable for use in medicine.” Moreover, when its molecular structure 
was worked out, the drug turned out to be chemically as well as pharma- 
ecologically akin to known drugs, and not, as had been hoped, a complete- 
ly new chemical species of estrogen. 

Clearly, even when folk medicine turns out to be right, it is sometimes 
not quite right enough. But the possibility of even this much gain has 
sent pharmacological explorers into remote regions of the globe to con- 
sult with medicine men and witch doctors. 


Clues from Christian converts 


One of these hunters of exotic drugs is Dr. Bruce W. Halstead, Director 
of the World Life Research Institute of Colton, California. Halstead has 
spent many months on journeys through the South American jungles 
studying the remedies of Indian witch doctors. For safety’s sake, he col- 
laborates only with practitioners who have been converted to Christiani- 
ty and are therefore less likely to take hostile action against a visitor. 
Halstead’s contacts with the world of the witch doctor are medical mis- 
sionaries in South America, many of whom he has known for years. When 
he gets word that a knowledgeable native has embraced Christianity. he 
sets off on a journey that begins at a California jetport and may finish 
on muleback along a jungle trail. With luck, a single one of Halstead’s 
expeditions may find a dozen or more promising herbs in the witch 
doctors’ pharmacopoeia. 

Among the potentially useful substances turned up in this manner are 
an oral contraceptive and several digitalislike preparations. All of these, 
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Such valuable folk remedies are, of course, the exception. The actual 
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effect of a native drug may turn out to be precisely the opposite of the 
witch doctor’s claim. One remedy, supposed to relieve headaches, proved 
instead to induce a violent, though brief, headache. Halstead suspects 
that the plant may owe its reputation as a cure to the fact that when the 
drug-induced headache subsides, the patient is likely to feel relieved to 
have only his original—and relatively mild—headache again. The prin- 
ciple is the same as that of the old joke about the man who explained 
why he hit his head with a hammer: “It feels so good when | stop.” 

Concentration on the witch doctor’s kit of medicines narrows the 
pharmacologists’ search by providing a group of preselected substances. 
But such a selection, limited by the folk practioners’ rough-and-ready 
methods of gathering and processing materials, omits a great many com- 
pounds that might be valuable. This drawback can be avoided by exam- 
ining different groups of materials selected, not from folklore, but from 
knowledge of their chemical activity. One drug hunter, Dr. Robert F. 
Raffauf of the Philadelphia drug firm of Smith Kline & French, special- 
izes in plant compounds, particularly the alkaloids, that are known 
for their powerful effects on man. The drug potential of these substances 
can be seen from the fact that they include (among many other useful 
compounds) caffeine, quinine, morphine and reserpine—as well as a 
deadly poison called coniine, the active ingredient of the hemlock that 
Socrates swallowed. 

Raffauf’s office carefully scans reports on alkaloid-containing plants 
(about one plant species in 10) and when a new one turns up, he, like Hal- 
stead, hits the trail. He himself often performs the first step in the drug- 
screening process right in the jungle; by means of a chemical reagent he 
can determine with considerable accuracy whether the plant he has 
plucked does in fact contain an alkaloid. Later, in his Philadelphia 
laboratory, Raffauf leads the teams of scientists who analyze and test 
the substances he has collected. His new discoveries include one alka- 
loid that lowers blood pressure in animals ‘though not, in its present 
form, in human beings) and several potential pain-killers. 


Drugs from the ocean's depths 


The pharmacologists who study animal rather than plant products 
have come up with even more promising substances. Certain compounds 
manufactured by marine animals, for example, seem to act exactly like 
medicinal drugs, effectively guarding their makers against biological ene- 
mies or disease. 

One of the most unusual of these is produced by the lowly sea squirt, 
Ascidia nigra, which makes an antibiotic that apparently protects it 
against external parasites. Even when a sea squirt is cut or scraped, it 
does not contract an infection, as do similar but unprotected species. 
The sea squirt’s antibiotic seems to have a “broad-spectrum” action, kiil- 
ing many different kinds of microbe. In this respect it resembles the val- 
uable tetraeyeline drugs, but its usefulness to medicine remains to be 
established. 
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MEDICINAL LEAVES AND ROOTS that are 
rich in alkaloid compounds provide two 
powerful drugs with greatly differing properties 
Cocaine. extracted fram the leaves of 
Erythroxylon coca. a shrub native to the Andes 
Mountains (top). is widely used as a4 local 
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throat Reserpine is an alkaloid obtained from 
Rauwolfia serpentina (bottom! a shrub found 
in the Indian subcontinent Prized for many 
centuries as a folk remedy aqainst insomnia 
and insanity. it was introduced in the United 
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HOW “THE PILL" WORKS is shown in this 
diagram It prevents conception by blocking an 
early stage of the normal reproductive cycle. In 
that cycle. hormones (dashed arrows) from the 
pituitary gland in the brain cause an unfertilized 
egg to leave the ovary once every 28 days 

the egg is then picked up by the fingerlike edges 
of the fallopian tube where it may be fertilized 
as it moves toward the uterus To interrupt this 
cycle, ‘the pill’ siops the hormones that release 
the unfertilized egg, as indicated by the black 
cross, and no egq is available for fertilization 
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An even richer source of potential drugs is the sea cucumber, a distant 
relative of the starfish. This sluggish bottom dweller secretes a substance, ® 
holothurin, that can kill fish in concentrations diluted down to one part 
per million. The poison is thought to explain why the sea cucumber, an 
otherwise toothsome morsel, is seldom if ever bothered by piscine preda- 
tors. Holothurin contains one substance resembling digitalis, as well as 
other compounds that affect the peripheral nerves. 

The hunt for drugs in plant and animal substances involves hundreds 
of pharmacologists in laboratories and field expeditions throughout the 
world. The pharmacologists who screen man-made chemical compounds 
are no less industrious. Every one of the hundreds of new substances 
concocted each year in the laboratories of academic and industrial chem- 
ists is characterized by some sort of physiological activity, and there is 
always the chance that the activity may turn out to be just what the doc- 
tor would like to order. 

Exploiting this source of new drugs is especially easy for some drug 
companies. Lederle Laboratories, for example, has easy access to a copi- 
ous supply of newly synthesized compounds; its parent corporation, 
American Cyanamid, manufactures chemicals ranging from fertilizers to 
shampoos. A company rule requires that every new chemical synthe- 
sized in any American Cyanamid division be listed in the “CL (Cyana- 
mid Laboratory) File,” for possible pharmacological screening. One 
product, a chemical used in the manufacture of rubber, turned out to be 
a possible antitubercular drug. 

Even after such a substance has been found, the drug seeker’s work 
has barely begun. He has turned up something of promise, no more. At 
this point its origin is of little importance. Whether it came from an old 
woman’s herb garden, a tropical jungle, an animal’s bloodstream or an 
industrial laboratory, it must undergo long study before it is finally used 
to allay suffering or set aside as worthless. 


Running the gauntlet 


The journey of a chemical compound from witch doctor’s caldron or 
chemist’s flask to the shelves of the neighborhood pharmacy is a la- 
borious and costly one. The great majority of chemicals fall by the way- 
side. The first step is to determine, by administering the substance to 
animals, what organ or organs it affects, and how it affects them. In one 
case in thousands, the results will be of sufficient medical interest to make 
further research worthwhile. The drug will then undergo very extensive 
batteries of animal tests to compile data on its physiological effects, good, 
bad or indifferent. Only if its useful actions far outweigh its harmful ones 
will it be tried even tentatively on human beings. And if it reaches this 
point it still has only a slim chance of achieving the final goal of general 
medical acceptance. 

Because so many substances are rejected by this screening, a moun- 
tain of new compounds may have to be mined to find one valuable drug. 
The record for this downward progression was probably set by the Na- 


tional Cancer Institute, which between 1955 and 1967 studied the effects 
on cancer of no less than 272,700 chemicals, old and new. The net result 
was some 25 drugs with some value in controlling the disease; none 
proved to be a cure for it. 

The pharmacologist who turns up a medically useful drug simply by 
his own screening considers himself remarkably lucky. More often, his 
tests will at best do no more than identify a compound that has some 
useful properties, but that is too toxic, or too slowly absorbed, or too 
rapidly eliminated from the body, to be of any medical use in its exist- 
ing form. At this point he calls in the pharmaceutical chemist, who be- 
gins a complex game sometimes called “molecular roulette.” This 
involves the reshaping of the original molecule—adding an atom here, 
knocking off a group of atoms there—so as to retain the substance’s use- 
ful properties while eliminating its disadvantages. 


The tailoring of ‘the pill” 


The “tailoring” of a molecule in this manner is exemplified in the 
story of norethynodrel, the compound that was the basis of the first 
contraceptive pill. The story is significant not only as an example of 
pharmacological methods but for its impact on society. “The pill” has 
had an influence on mankind as great as that of any other drug in his- 
tory. It has opened up new prospects for solving the population explo- 
sion, changed patterns of sexual behavior and raised delicate religious 
and political questions. 

The tale begins far back in prehistory when it was first noticed that 
a woman cannot conceive a child while she is pregnant. It took a long 
time before anyone bothered to wonder why this should be true, and 
even longer before scientists discovered the reason: during pregnancy a 
woman ceases to produce the ova that, if fertilized, develop into babies. 
Only 30 years ago was it learned that this halt in ovulation is caused 
primarily by the hormone progesterone, whose manufacture in the 
mother’s body is greatly stepped up during pregnancy. In 1937 experi- 
ments at the University of Pennsylvania showed that injections of pro- 
gesterone into female rabbits could keep the animals from ovulating. 
an obvious method of birth control that was not fully appreciated until 
more than a decade later. 

At about the same time, progesterone began to be used in medicine 
for other purposes. However, the drug had two major disadvantages: 
it was exceedingly costly, since it had to be extracted gram by gram 
from the ovarian tissue of animals: and, more serious, injection of the 
drug frequently produced painful reactions. Yet when given by mouth, 
the drug was ineffective except in enormous doses. 

The cost problem was solved in the early 1940s by Russell Marker, 
then at Pennsylvania State University. Marker discovered that the Dios- 
corea, a large Mexican yam, contains a substance, diosgenin, whose 
structure is akin to that of progesterone, cortisone, cholesterol and the 
whole large class of chemical compounds known as steroids. What was 
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more important, Marker developed a method of using the yam’s plenti- 
ful diosgenin as a raw material for synthesizing almost any steroid. 

Marker’s discovery greatly stimulated medical interest in all steroids. 
In 1949, for example, the first reports on the use of cortisone in rheu- 
matoid arthritis were published. Two years later, Gregory Pincus of 
the Worcester Foundation for Experimental Biology launched the first 
major research program on the use of steroids to prevent conception by 
blocking human ovulation. 


“Too hot to handle” 


From the beginning, Pincus and his associates were faced with two 
unusual problems, one pharmacological, one sociological. First, the 
anti-ovulation compound they were looking for had to be effective when 
given by mouth instead of by injection, because it would probably have 
to be taken often, and for months or years at a time—and nobody was 
likely to accept injections on that scale simply for contraception. Sec- 
ond, in seeking new steroids to test, Pincus found most drug companies 
reluctant to cooperate. “They felt that chemical birth control was too 
hot to handle,” he reealls. 

An exception was G. D. Searle & Co., of Skokie, Illinois. The presi- 
dent of Searle, as it happened, was personally concerned about what 
was beginning to be called the population explosion and saw the need 
for new methods of checking it. Moreover, the company had on hand a 
large and able group of steroid specialists—35 Ph.D.s in all—recruited 
for a research project that had not panned out. 

The Searle team had already compiled a great mass of information 
on the properties of steroids. They knew which of the compounds pos- 
sessed progesteronelike properties, and which ones were highly active 
when given by mouth. What was more important, they could spot spe- 
cific resemblances between the molecules of steroids that both resem- 
bled progesterone and were active when given orally. On the basis of 
this data, they were able to set forth on paper the chemical composition 
of a number of substances that ought to possess all the properties they 
were looking for. Some 15 of these were synthesized; three turned out to 
have the predicted combination of properties: oral activity, suppression 
of ovulation and so on. It was also found that the addition of much 
smaller quantities of another steroid, mestranol, markedly increased 
the potency of the progesteronelike substances. 

In 1953, the three new compounds were shipped off to Pincus for test- 
ing. The best of the experimental drugs, norethynodrel, proved to be 
both more reliable and far more potent than progesterone. When given 
by mouth, a 300 milligram dose of progesterone would prevent ovula- 
tion about 85 per cent of the time. Norethynodrel in 10 milligram doses 
(plus a fraetion of a milligram of mestranol) was close to 100 per cent 
effective. (Subsequently, it was found that even this small dose could 
be safely reduced by half and in some cases by three quarters.) With this 
masterpiece of pharmacological ingenuity, ovulation can be controlled 


throughout a woman’s childbearing years, and controlled with such pre- 
cision that other bodily functions are hardly affected. 

In 1960, after further extensive testing required by the U.S. Food and 
Drug Administration, the norethynodrel-mestranol pill went on sale as 
a contraceptive. “The pill,” as it quickly came to be called, was soon 
joined by other oral contraceptives of the same general type. By 1965, 
they were being systematically used for family planning by an estimated 
five million American women, or about one of every eight women of 
childbearing age. 

The norethynodrel story is a success story. Not all ventures into mo- 
lecular roulette are so fortunate. The relationship between molecular 
structure and physiological activity is still imperfectly understood, and 
even when—as in the case of norethynodrel—the pharmacologist knows 
what type of molecule he is trying to construct, he is not always able 
to construct it. For nearly half a century chemists have been tinkering 
with the intricate morphine molecule, hoping to obtain a substance that 
relieves pain as effectively as morphine but that does not create physi- 
cal dependency and depress respiration, as morphine does. There have 
been indications that radical reshaping of the molecule may have solved 
the physical dependency problem, and the answer to the respiratory 
problem may lie in the same reshaped molecule. Indeed, chemists are 
still not certain what structural characteristics of the morphine mole- 
cule produce its pain-killing action. 


Playing computer games 


New light on such problems may come from a project launched in 
1965 in Columbus, Ohio. There, the Chemical Abstracts Service, working 
with federal funds, began feeding massive amounts of pharmacological 
information into a computer. Ultimately, the Service hoped to include 
data on several million compounds, including their structure, their 
chemical and physical properties and their biological effects on both 
humans and animals. 

When information of this kind is stored in a computer, “we can start 
playing games,” explains George J. Cosmides, a pharmacologist asso- 
ciated with the project. The computer can be programed, for example, 
to list the common characteristics of all known heart stimulants or all 
known anesthetics. If such a comparison showed that the greater an 
anesthetic’s solubility in fats, the more effective it is, this fact would 
certainly be of inestimable value in creating new anesthetics. 

Computerized information of this sort should also bring nearer the 
pharmacologist’s ultimate goal: the ability to develop a drug from 
scratch by designing a molecule on paper that will have precisely the 
combination of qualities desired. ‘The achievement of the goal would 
bring modern science full circle back to the Reverend Edward Stone’s 
“rational” approach to pharmacology: learn what has gone wrong in an 
ailing human body, decide what must be done to the body to cure it, 
and find—or better still, create—the drug that will do the job. 
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antidote for lewisite. a porson gas developed 
during World War | Scientists knew that 
lewisite is poisonous because its molecule 
(top. light green/ includés an arsenic atom 
(dark green) \n the body or on the skin, the 
arsenic atom joins with loosely spaced sulfur 
atoms of a protein molecule (gray. center) 
preventing the protein from performing vital 
body functions To offset this effect. the BAL 
molecule (gray. bottom!) was desiqned with 
two tightly spaced sulfur atoms that qive BAL 
a stronger attraction for arsenic than protein 
has When the antidote is injected into the 
body. these sulfur atoms lure arsenic away 
from protein and render the lewisite harmless 


Remedies from 
Roots and Wlolds 


Constantly emerging from the laboratory stage are new drugs 
that result from the pharmacologists’ unending search in 
strange places for improved remedies; some of these sub- 
stances may have as much impact in the coming decades as 
yam-extract contraceptives (opposite) and snakeroot tran- 
quilizers have had in the recent past. Candidates for future 
prominence include two synthetics that are among the first 
ever to show results against virus infections and a pain-killer, 
potent but nonaddictive, that may replace dangerous mor- 
phine. And the skin of a certain tiny frog has yielded a para- 
lyzing venom of potential help for muscle ailments. 
Discoveries like these are the rewards of an intensive effort 
to follow every clue that may lead to a useful drug. Sci- 
entists study ancient folklore remedies, extract chemicals 
from sea creatures and comb the jungles for valuable raw 
materials. Often the quest runs into a costly dead end. One 
company displays, as evidence of what it calls its “$160 
million failure,” samples of 40,000 compounds tested since 
1937; only 55 of them proved useful. Yet the search goes on, 
sustained by the incalculable boon to mankind that would 


be provided by cures for cancer or even the common cold. 


CONTRACEPTIVES FROM ROOTS 


the jungle in the state of Veracruz, Mexico rassi of Syntex Corporation pioneered in the 
3 laborer cuts Dioscorea, or Mexican yams synthesis of hormones that are active ingre- 
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New Weapons 
against Infections 


SAVING EYESIGHT WITH IDU 
The rabbit at left was blinded b 
bright-eyed one Q 

receiving IDU (for tododeoxy, 
without seriously 


Although the great lifesaving discov- 
eries of recent decades have been 
vaccines, sulfa drugs and antibiotics 
that prevent or cure infection, phar- 
macologists are still searching for 
other drugs to cope with the germs 
that cause infectious diseases. This 
continued search is necessary be- 
cause many bacteria. including those 
responsible for staph infections, gon- 
orrhea and tuberculosis, develop re- 
sistance to drugs: remedies become 
powerless and must be replaced. 

A more difficult problem is pre- 
sented by viruses that cause diseases 


like hepatitis, influenza and colds. 
Until recently, there were no drugs ™ 
that cured virus diseases: vaccines, 
which do not kill viruses but stimu- 
late the body to do so, have not al- 
ways proved satisfactory. 

Today better vaccines are being 
sought, and the first drugs effective 
against viruses have been found. One 
is a preparation, IDU. which blocks 
reproduction of the virus of an exter- 
nal infection. Another. amantadine. 
a synthetic chemical developed by 
Du Pont. acts like vaccines, prevent- 
ing rather than curing an infection. 
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GROWING A NEW ANTIBIOTIC 

The clumps on the culture dish at left are Ceph 
alosporium,a bacteria-killing fungus discovered 
in 1945 in sewage From this fungus chemists 
at Eli Lilly and Company. in Indianapolis. de 
veloped an antibiotic that kills many bacteria 


including previously resistant staphylococci 





GIVING A FERRET A COLD 
A ferret 
containing viruses as part of a search for cald vaccine at the 
& French Laboratornes in Philadelphia Making such 
difficult because at least 100 kinds of infectiou: 


one of the few animals that catch human colds > aven agrops 
Smith Kline 
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INOCULATING EGGS WITH FLU 


Asa first step toward developing a new weakened-virus influenza vaccine 
45 000 eqas at Lederle Laboratories. Pearl River New York. are injected 
daily with flu virus After 48 hours of incubation. the eqaqs contents are 
harvested. treated and mixed with other strains to make the final vaccine 
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PAIN-KILLER PILOT PLANT 

Noel Albertson, developer of a new analgesi 
pain-killer called pentazocine. stands before a 
maze of pipes and tanks used to make the drua 
at Winthrop Laboratories in Rensselaer 

York Pentazocine seems free of the addict 


properties that make on orpnine troubpliesome 


TESTING AN ANTIDEPRESSAN 

Ina test of an antidepressant. a monkey, 
low) at Merck Sharp & Dohme Resear 
oratories in West Point. Pennsylvania 

a lever to avoid electric shock 
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ANALYZING INSULIN’S STRUCTURE 


Seeking an improved rorm ~ tMe liabetes remedy insulin he has synthe 
sized, Panayotis Katsoyannis of Brookhaven National Laboratory, Upton 
New York. uses a machine that separates components of natural insult and 
collects them in tubes. He then compares them with synthetic components 
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TESTING AN ARTHRITIS DRUG 


immersing the paw of a rat in a container of mercury, E. A. Risley of the 


Merck laboratories gauges the swelling by the amount of mercury dis 
niaced. After the use of indomethocin, an experimental arthritis drug 
~-4e 


nas reauced tne 


swelling, he will measure a comparative displacement 
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A CLOT-DISSOLVER 
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Combating the 
Chronic Diseases 


The most elusive prizes pharmacolo- 
gists seek are remedies for chronic 
diseases: heart and blood vessel ail- 
ments, which are the main causes of 
death in the United States today; 
cancer, the second biggest killer; de- 
bilitating diseases, such as arthritis: 
and metabolic ills, like diabetes, that 
develop when organs fail to function 
normally. No cures have yet been 
found for any of these ills, but their 
victims can often be helped by drugs. 

(ne new medication may prevent 
deaths from circulatory disease by 
eliminating blood vessel clots, which 
can bring on strokes or may damage 
the heart muscle. When a clot forms 
inthe bloodstream, blood flow in the 
area may cease; this will kill the sur 
rounding tissue. But the damage may 
be avoided if the clot is dissolved be 
fore it can cut off blood tlow. Among 
the promising clot-dissolvers is uro 
kinase, an enzyme found in human 
urine. Purified and erystallized only 
recently, urokinase was found to 
break up clots by activating another 
enzyme, plasmin, which destroys the 
protein that is involved in the forma 
tion of the blood elots 

or arthritis, there are new drugs 
LO reduce the disease’s painful hon’ 
inflammation. For the 25 per cent of 
diabeties who are allergic to the nat 
ural insulin hormone, the mass pro 
duction of a synthetic, nonatllergenic 
insulin has COME eloser with the lab 
oratory synthesis in the 1960s of the 
Insulin molecule. And for cancer, pet 
h LDS the most frustrating disease o 
all, a massive hunt for causes and 
cures has already turned up 


sienificant clues to new treatm: 


For Cancer: 
2/0,000 Trials 


Probably the most exhaustive search 
for new drugs is the hunt for cancer 
remedies. Over 270,000 compounds 
have been screened in laboratories 
all over the world. About two doz- 
en have been found that, alone or as 
adjuncts to surgery, help to check 
spreading tumors. These drugs stop 
the wild multiplication of cancer cells 
by interfering at one point or anoth- 
er with their reproductive processes. 
Some of them, such as the powerful 
nitrogen mustards, partially prevent 
the cells from reproducing their ge- 
netic material, the essential first step 
before cell division can begin. Other 
drugs, like the newly discovered vin- 
cristine, disrupt cell division itself. 
But no drug has been wholly ef- 
fective, and the pursuit of a cancer 
cure goes on with undiminished vigor. 
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For Leukemia, 
Hope in Vaccines 


The greatest discovery of the many- 
sided quest tor cancer treatment will 
be an explanation of the disease’s 
eause. For if a microbe is guilty, a 
vaecine might he developed that 
would confer immunity. 

In at least one form of cancer, a 
microbial agent has already been im- 
plicated: there is some evidence that 
viruses eause leukemia. No one has 
proved that they do, but scientists 
have shown that mouse and fowl leu- 
kemia is virus caused, and particles 
resembling the viruses of mouse leu- 
kemia have oecasionally been found 
in the blood and tissues of human 
leukemia victims. 

To follow up this virus lead, the 
[1.S. government allotted over $16.5 
million for fiscal 1967 to support 74 
research projects in laboratories here 
and abroad. At one of them, the Bio- 
netics Research Laboratories in Ken- 
sington, Maryland right . doctors are 
attempting to transfer human leu- 
kemia to one of man’s nearest rela- 
tives, the monkey, through injections 
of blood and tissue extracts from a 
human patient. If these experimen- 
tal animals ean be given leukemia, 
and if viruslike particles are then 
found in their blood, the scientists 
will attempt to grow the virus in 


quantity as the next step toward the 


developl | : i@LKeT] i Vaccine. 
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New Drugs from 
Odd Fish 


To drug hunters, the depths of the 


oceans are among the most promis 


ing frontiers waiting to be explored. 


The waters along Australia’s 1.250 


mile Great Barrier Reef, for example, 


house CXOLIC, poisonous creatures 
whose toxins have already shown 
great promise. Toxin from the toad 
fish has been used to assist brain sur 
gery, some sponges manutacture a 
substance that destroys bacteria, and 
the toxin of the Crown-of-Thorns 


starfish may inhibit growth of tumors. 





Reef dwellers like these are the 
specialty of Australian zoologist Rob 
ert tEndean, who tries to develop ust 
ful drugs from their deadly venoms 


lcndean has studied sea wasp polsol 
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Folk medicine, despite its large hum- 
bug content, has proved so_ prolific 
a source of valuable drugs—quinine, 
opium, digitalis, reserpine—that mod- 
ern scientists turn to it again and 
again for clues to the medications 
they seek. Renewed surveys of these 
traditional “kitchen remedies” are 
now underway in many parts of the 
world, but particularly in the Orient. 

In India 80 per cent of the people 


are treated by practitioners of two 
ancient forms of folk medicine. One 
of these forms is Unani medicine, 
based on herbal remedies. An out- 
growth of early Greek pharmacology, 
Unani was brought to India by &th 
Century A.D. Arab invaders. The oth- 





er is Ayurvedic medicine. It uses a 
variety of substances (‘some 7,000 
prescriptions, 600 for purgatives 
alone) and may be as old as Indian 
civilization; its medicines are said to 
have been developed by physicians 
of the Hindu gods. Though Ayur- 
vedic physicians often recommend 
such exotic but useless remedies as 
gold, diamond and ruby dust and 
rhinoceros horn, they were among 
the first to use rauwolfia, from which 
came the first modern tranquilizers. 
Today, Indian and Western research- 
ers are using modern techniques to 
study Unani and Ayurvedic drugs, 
hoping to find substances that can 
benefit mankind in the 20th Century. 
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The Test: Does It Work? 
Is It Safe? 


Rat fetuses. stored in glycerin. will be exam- 
ined for malformations caused by experimental 
drugs fed their mothers New drugs must pass 


this test. one in a series of four basic types 


to be considered safe for trials on humans 
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FINDING OUT IF A NEW DRUG WORKS would seem to be easy enough. 
The doctor gives it to a sick patient. If the patient gets better, the drug 
works; if he fails to improve, the drug does not work. 

Unfortunately, such a straightforward procedure yields nothing but 
confusion. Proving a drug is one of the most difficult tasks of modern 
science, calling for broad knowledge, inventiveness, meticulousness— 
and a sharp eye for the pitfalls that lie on every side. 

The causes of the difficulties are several. First of all, most patients 
recover from their ailments whether they get drugs or not. Many others 
recover as a result of the psychological effects of receiving treatment 
(particularly if it seems new), even when the “drugs” they receive are 
placebos, totally innocuous substances that do not affect physiological 
processes. And often it is even impossible to predict that a drug will not 
harm the patient, let alone cure him, for preliminary trials on animals 
can be misleading (animals react differently from humans), and tests on 
a few volunteers are inconclusive (people vary widely in their reactions). 

Yet these uncertainties have been overcome to provide mankind with 
thousands of new remedies that save lives that once would have been 
lost and banish suffering that once had to be endured. Thanks to deli- 
cate and ingenious testing methods, it is possible to determine that 
these new drugs are safe and effective—if not for 100 per cent of the 
people 100 per cent of the time, at least for most people most of the 
time. The fact that no more can be said testifies to the difficulties that 
still plague even the most scientifically sophisticated tests. The fact 
that this much can be said is a tribute to the genius of pharmacologists 
who have discovered how to tell whether a new drug is worthy of use. 

The modern drug tester draws on the accumulated knowledge of half 
a dozen scientific disciplines: not merely chemistry and pharmacology 
but also physiology (of man and many other animals), psychology (be- 
cause drugs can affect the body through the mind as well as directly in 
the body), and even mathematics (for an indication of the role that 
chance plays in test results). A pharmacologist may spend seven years 
evaluating one new drug—trying it on several different species of ani- 
mal, administering it to successively larger groups of people, analyzing 
his findings—before he finally convinces governmental authorities that 
the drug should be admitted to medical respectability. And after a drug 
has won acceptance, its evaluation still cannot stop, for prolonged and 
widespread use may turn up effects that no testing program, even if it 
includes thousands of subjects and lasts several years, could predict. 

The first question in assaying a drug is: how safe is it? And the first 
step toward answering that question is a series of trials on animals. 

Under current U.S. regulations, every new drug, before being given to 
human beings, must be tested on at least two species of mammal. The 
animals are tested in groups, to secure various kinds of information. One 
group will receive large quantities of the drug, in order to ascertain how 
much of a dose will prove fatal. Another will be given smaller doses— 
proportional to the dose that is expected to be medically useful in man— 


then will be studied over a period of months for long-term damage. In . 
this process, the testers will ask such questions as: do the animals gain 
or lose weight; are they unusually active or inactive: do they show any 
rashes or lesions of the skin? Whatever the answers, the animals will 
ultimately be killed and their vital organs examined for subtler signs of 
damage. The drug will also be given to young animals, to ascertain 
whether it affects their growth. 


Tests against tragedies 


In recent years, still another type of animal testing has become ob- 
ligatory: administration of the drug to pregnant females, to discover 
whether it produces any ill effects on their offspring. Such tests became 
routine as a result of the thalidomide tragedy of 1962, in which thou- 
sands of European women who had used the sedative drug thalid- 
omide during early pregnancy gave birth to deformed babies. Since 
then, testing procedures have been stiffened in both the United States 
and EKurope—and physicians have become considerably more cautious 
about prescribing any drug for a pregnant woman. 

Though animal tests are a necessary first step, their relevance to hu- 
man beings is often uncertain. The reason lies in the truism that animal 
species are not alike. The obvious differences between, say, a man and a 
mouse—size, shape, furriness, diet, habits and so on—are themselves 
the results of less obvious but equally extensive chemical differences. 
And since the chemistry of an organism influences the effects a drug has 
on it, these effects may well differ between man and mouse. 

In innumerable cases, one species’ drug may be another’s poison. 
Penicillin, for example, is one of the least toxic of substances—to a man. 
To a guinea pig, it is fatal in small doses. 

Even when species are alike in their basic response to a drug, their tol- 
erance for it may vary wildly. A dose of morphine that would kill a man 
will merely anesthetize a dog. Fluoroacetie acid, found in a poisonous 
South African plant, will kill a dog in one-milligram doses, but a rat can 
take about 100 times this quantity and a toad 10,000 times as much. 

The reasons for various species differences in responses to drugs are 
sometimes bizarre. Penicillin is lethal to a guinea pig, for example, not 
because it poisons the animal, but because it destroys certain vital in- 
testinal bacteria. Squill, an ancient heart drug, is useful rat poison part- 
ly because rats (which like its taste and eat it voraciously) are unable 
to vomit. A man would throw up an overdose of squill, probably before 
it could do him serious damage; the rat cannot do so, and dies. 

More frequently, however, species differences involve subtle differ- 
ences in internal chemistry—notably in the enzymes that regulate bod- 
ily processes. It is an enzyme, for example, that causes one of the most 


remarkable of these less obvious species differences. The painful disease 
called gout, characterized by excess uric acid in the blood, strikes only 
human beings and the great apes. These species lack an enzyme called 
uricase that, in other mammals, renders uric acid innocuous. 

For years, drug testers sought a way to study compounds that would 
prevent gout through their ability to cut uric acid production or hasten 
its excretion. But research was hampered by the difficulty of finding an 
experimental animal that could accumulate uric acid in its blood. Apes 
were expensive and difficult to work with; the conventional laboratory 
animals—guinea pigs, cats, rats, mice and dogs—were useless because 
the uric acid in their blood is quickly eliminated by uricase. Then a 
surprising fact emerged: not all dogs have uricase in their blood. The 
Dalmatian coach dog, it was found, resembles man in lacking the en- 
zyme, and is therefore a suitable subject for testing gout drugs—but 
only, it appears, if it is a pure-bred Dalmatian. 

The difficulty faced by the gout-drug testers exemplifies another pe- 
rennial problem associated with animal testing: the searcity of animal 
“models” for human diseases. The tester would like to try his experi- 
mental drug not only on healthy animals but also on animals suffering 
from the disease that the drug is aimed at. Such a test is usually im- 
possible. Though animals become diseased quite as often as humans, 
their diseases are seldom similar enough to human complaints to be of 
much scientific use. For example, no animal develops leprosy sponta- 
neously. And while atherosclerosis (the most common form of human 
heart trouble) occurs spontaneously in some animals and can be in- 
duced artificially in others, in neither case do its mechanisms bear much 
resemblance to those of the human disease. A condition superficially re- 
sembling human congestive heart failure can be caused in experimental 
animals—but it does not respond to the drugs such as digitalis that ef- 
fectively relieve the disease in human beings. 


The step from animal to man 


The only important category of animal disease that closely parallels 
human disease is infection. Microbes that attack human beings will 
usually attack other species, and a drug that cures the infection in the 
animal will usually cure it in man. This fact helps to explain why anti- 
infection drugs are the only important group of curative substances yet 
devised. For these drugs, the step from animal to human subjects has 
been relatively easy. 

For every drug, however, that step must be taken. When a drug tester 
has completed his animal studies, he must go on to ascertain how far his 
animal findings apply to human beings. He begins his tests on humans 
with a very small group of healthy volunteers—often convicts who are 





THE AGONY OF GOUT, which causes 

excruciating pain in the big toe. is lampooned 
in an 18th Century cartoon showing the devi! 
applying a hot coal to an English gentleman s 


toe Gout was long a subject of ridicule because 
it was blamed on overindulgent living While 
too much wine or rich food can bring on an 
attack, the disease itself is caused by an 
inherited tendency of the body to accumulate 


uric acid, which may crystallize and form 
painful deposits in the joints Although drugs 
can alleviate or prevent attacks of gout. they 
cannot cure the disease 


attracted by the break in routine and the modest payments they receive. 
This small, “preclinical” group receives very limited doses of the drug 
at first. If nothing happens, the dose is gradually increased until some- 
thing does happen; when the subjects begin to show toxic effects, the 
dose is cut back to a lower level. Meanwhile, the physical condition of 
the volunteers is studied exhaustively. 

If these early trials indicate that useful amounts of the drug can be 
administered without harm, the volunteer group is expanded. The test- 
er’s concern is still with the drug’s safety rather than its effectiveness: 
his aim is to determine the “dose response curve.” which shows how 
the effect of the drug changes with changes in the amount that is ad- 
ministered. Human beings vary in their responses to drugs, as they do 
in height, intelligence and every other characteristic, and it is impor- 
tant to know how far this variability affects responses to the drug be- 
ing tested. (In some extreme cases, an identical dose of a drug can cure 
one man, poison another and leave a third unaffected. ) 

Only after the drug has been proved safe for human use does it come 
to the crucial part of testing: the study of effectiveness. Will the new 
compound help the disease for which it is intended? The question can 
be answered only by giving the drug to diseased people; and getting an 
unequivocal answer often makes the tester’s earlier difficulties—species 
differences, dose curves and all—seem like child’s play. 

The problems stem from two ancient difficulties of the pharmacolo- 
gist: placebo effect and spontaneous recovery. Fora clinical trial to have 
any meaning, the investigator must be able to report, not merely that 
the patients improved, but that the improvement was due to the drug’s 
pharmacological action rather than to its psychological effects as a pla- 
cebo or to the body’s own disease-combating mechanisms. 


A place for placebos 


Paradoxically, the standard method for dealing with both these prob- 
lems involves the use of placebos. The technique, developed only about 
a generation ago, requires two groups of patients as similar as possible 
—in general physique as well as severity of illness. The first, or “treat- 
ment” group, is given the experimental drug, while the second, or “con- 
trol” group, is given innocuous placebos disguised as active remedies; 
in all other respects the two groups receive identical treatment. 

The response of patients in the control group provides a standard for 
judging the worth of the drug to the treatment group. In both groups, 
there should be an equal number of patients who get better because of 
spontaneous recovery or the placebo effect. Those two sources of error 
are thus canceled out. And if there is then a preponderance of recoveries 
in the treatment group, the drug has obviously helped some patients. 


TESTING A NEW DRUG involves many steps | 
that may take many years. The procedurs | 
followed with an antibiotic. sodiur 

cephalothin. illustrates the careful prelin ries 
that precede approval of a drug for pul 

As shown at the right. the drua was first 





injected into dogs, rabbits and preaqnant 
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If there were no more than that to drug testing, the pharmacopoeia 
would be a far more certain guide to medical treatment than it is. But 
pharmacologists have learned that spontaneous recovery and psycholog- 
ical influences affect trials in subtle and intricate ways. Many a drug— 
like the bee venom once touted as a remedy for arthritis—has been 
successful in one series of tests, only to fail miserably in later ones. In 
some cases a drug works wonders when administered by a beautiful 
nurse; when dispensed by a male orderly, it does nothing at all. 


Fooling the patient—and the doctor 


Such vagaries have foreed the drug testers to adopt elaborate precau- 
tions. No longer is the placebo a simple sugar pill: now it is compounded 
as carefully as the drug itself, duplicating it in shape. color and taste. 
Nor is much reliance placed on concealing the nature of the placebo 
from the patients alone; this “single blind” method is not enough to out- 
wit the placebo-susceptible person. So long as doctor or nurse knows 
which pill is placebo and which is not, the patient may respond to the 
gleam (or lack of it) in his attendant’s eye. 

Today drug testers use a “double blind” technique, in which neither 
patient nor doctor knows which preparation is being administered. Both 
drug and placebo are identified only by code numbers, known to those 
who make up the preparations, but not to those who administer them. 
Not until the test is ended is the code revealed, so that the two groups 
of patients can be identified and their responses compared. 

Further precautions are taken to assure uniformity between the treat- 
ment (drug) and control ‘placebo; groups. The progress of a disease, 
like the response to a particular drug, can be affected by a host of seem- 
ingly extraneous influences: age, heredity, sex, weight, and a score of 
other factors that can be summed up as “general physical condition.” 
In theory, if the test group includes a woman of 29, with three chil- 
dren, somewhat overweight and with low blood pressure, the control 
group should include an identical twin with the same weight, blood pres- 
sure and family size. In practice, this kind of match is almost impossi- 
ble, but the investigator tries for a close equivalence of factors that are 
believed to affect the disease and drug responses. One serious limitation 
on this attempt is the fact that people of a particular age group, for in- 
stance, do not get sick to order. 

The laborious problem of matching can sometimes be avoided by 
what is called the crossover technique, in which each subject under 
treatment also serves as his own control, so that the two “groups” are 
truly identical. For perhaps two weeks, a patient gets the drug; during 
the next two weeks he gets a placebo. The technique serves very well 
in dealing with conditions, such as diabetes and high blood pressure, 
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in which the character and severity of the disease changes very slowly. ~ 
But in rapidly developing ailments, such as most infections, crossovers 
are useless. A person suffering from typhoid fever—or for that matter, 

a common cold—is not the “same” patient on Tuesday that he was on 
Monday. In such cases, the investigator is foreed back to matching and 

to hoping that he has not overlooked any relevant factors. 

Having solved as best he can the problems of eliminating the placebo 
effect and other forms of bias, the investigator is not yet out of the 
woods. He must still collect his results and decide what they mean. 

To the extent that he can measure the results by objective methods— 
blood tests, X-rays, and so on—he is in luck. Too often, however, he is 
forced to rely at least in part on the patients’ own reports of their prog- 
ress—and these reports are frequently inaccurate. Patients are prone 
to talk about how they feel at the moment, forgetting that a few hours 
earlier they may have felt much better, or much worse. The way the doc- 
tor phrases his questions to the patient may help determine the answer. 
“Did you feel nauseated after taking the pill?” is quite likely to elicit a 
“Yes”—regardless of how the patient actually felt. “How did you feel 
after taking the pills?” will stand a better chance of getting an accurate 
report. Such subjective factors help to make the gathering of clinical 
data inaccurate and often exasperating. As one of the authors of this 
book has written elsewhere, “There are few investigations in any other 
scientific discipline in which so critical a part in the collection, storage 
and interpretation of observations is left in the hands of an interested, 
biased and untrained assistant—the subject himself.” 

Eventually, the investigator will come up with a set of figures that 
should tell him whether the drug is in fact doing what it is supposed 
to do. But do they? 

Sometimes the decision is easy. The condition known as subacute 
bacterial endocarditis—an infection of the lining of the heart—had a 
death rate, before antibiotics, of 99 per cent. When antibiotics were 
tried, they cut the rate to about 15 per cent—and it was then no great 
feat of judgment to conclude that the drugs were in fact responsible. 


Why did they get well? 


But tests with such definitive results are rare. In most tests, the ma- 
jority of patients recover or show improvement, whether they receive 
drugs or not. The tester may face a situation in which half the patients 
receiving a drug showed improvement, but a third of those receiving a 
placebo also showed improvement. He must decide whether it was the 
drug that caused improvement in the treatment group, or simply chance 
—the possibility that this group happened to have an unusually large 
percentage of spontaneous improvements. 

At this point the tester usually calls on mathematies for help. By 
mathematical formulas, he can figure what the odds are that a partic- 
ular result may oecur by chance. If the odds against a chance result are 
no better than 20 to 1, he will usually consider his test meaningless and 


undertake further tests before making a decision. Fortunately, the odds 
against chance results increase rapidly as the number of patients treat- 
ed increases (all other factors remaining equal). Thus, a large number 
of subjects helps to ensure that the tests will be meaningful. 

For this reason a drug must usually be tested successfully on at least 
5,000 to 15,000 people before the U.S. Food and Drug Administration 
will approve it. After so many trials, obviously, the drug must clearly 
be safe at least in comparison with the risks of giving no drug. Obvious- 
ly, but not necessarily, for even 15,000 patients cannot exhaust the 
quirks of human physiology and all the combinations of circumstance. 


Problems in blood and in cheese 


Consider, for example, the strange cases of the antibiotic drug chlo- 
ramphenicol and the antidepressant drug tranyleypromine. Chloram- 
phenicol is used, among other things, for treating typhoid fever and 
typhus. Occasionally, however, it destroys not only the microbes of these 
diseases but also blood-forming cells of the patient’s bone marrow. This 
potentially dangerous—even fatal—outcome was not discovered during 
the clinical tests of the drug because it occurs only in about one case 
out of 150,000. Furthermore, out of 150,000 people, one or two may 
well develop a similar blood disorder spontaneously, drug or no drug. 
It took experience with more than five million cases before physicians 
realized that something unusual was occurring and that chlorampheni- 
col rather than chance was responsible. Once they knew this, of course, 
they could take precautions, testing individuals receiving the drug and 
stopping its use if signs of bone-marrow destruction appeared. 

Tranyleypromine, during its clinical trials as an antidepressant, 
seemed to be safe. Later, however, a few patients treated with it showed 
a dangerous jump in blood pressure. Only after lengthy study did it be- 
come clear that this result occurred only if the patient had eaten cer- 
tain cheeses. Tranyleypromine, it turned out, prevents the body from 
destroying tyramine, a substance contained in cheese—and when tyra- 
mine accumulates in the body, the blood pressure gees up. 

Under federal law, drug advertisements in medical journals must in- 
clude long lists of “indications” (when to use the drug) “contraindica- 
tions” (when not to use it), “warnings,” “precautions” and “side effects.” 
This information represents the distilled clinical experience with the 
drug, including the findings of physicians who have used it. The expan- 
sion of these lists as experience accumulates shows that no testing pro- 
gram can gather all the facts about a drug or substitute for the careful 
observation and judgment of the conscientious physician. Testing can 
evaluate a drug; it is the doctor who must evaluate the patient. 

In itself, drug testing is an inherently inexact science. Because it is 
inexact, several hundred Americans may die every year who would 
have lived had they not been given some drug. But because testing is a 
science, hundreds of thousands of people now lead productive lives, 
who would be incapacitated or dead were it not for modern drugs. 


“Good for 
What Alls You" 


The second half of the 19th Century was the gaudy, golden 
era of patent medicine in the United States. In the cities, 
drugstore racks groaned beneath hundreds of nostrums, each 
advertised as a cure for anything from coughs to consump- 
tion—and, with rare exceptions such as Castoria and Lydia 
Pinkham’s, almost all of them worthless. Medicine shows 
traveled the countryside. making one-night stands in “one- 
horse towns,” extolling remedies like Kickapoo Indian Sagwa 
and Hamlin’s Wizard Oil. Before the federal government 
began cracking down in 1907, cure-alls like Kennedy’s Medi- 
cal Discovery (opposite) had boosted patent-medicine sales 
to over $80 million a vear. 

The faith of the buvers was exceeded only by their gullibil- 
itv. In an enthusiastic endorsement, Jane Demee of Utica, 
New York. wrote that. after five vears of using Phoenix Bit- 
ters, Life Pills. Brandreth’s Pills, Phelps Arcanum, Smith's 
Anti-Mercurial Syrup. Swaim’s Panacea, Conway's Boston 
Medicine and Fowler’s Solution of Arsenic, without observing 
any improvement. “I am satisfied that my life has been pre- 
served and my health entirely restored by the blessing of 
God and the use of Bristol’s Fluid Extract of Sarsaparilla.” 





AN ANGELIC CURE-ALL 
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American patent medicines and their 
extravagant advertising are both the 
brainchildren of a shrewd Connecti- 
cut Yankee named Samuel Lee. In 
1796 he mixed a cathartic resin called 
gamboge with aloes, soap and potas- 
sium nitrate and patented the bitter 
concoction under the name of Bilious 
Pills. These he marketed as a sure 
cure for yellow fever, jaundice, dys- 
entery, dropsy, worms and “female 
complaints.” There is no evidence 
that the pills ever cured anything, 
but Lee soon had a host of imitators. 

Relatively few of the 19th Century 
patent medicines were actually pat- 
ented, since this required disclosure 
of their ingredients. Rare was the 
medicine-maker who cared to admit 
that his ballyhooed panacea was lit- 
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tle more than a hand-me-down folk 
remedy or simply a horse salve that 
also offered relief to humans (left). 

Here and there among the medi- 
cines were a few honest remedies. 
One of these was Castoria (below), a 
patented formula of a syrup contain- 
ing senna mixed with sugar, Rochelle 
salt and a number of aromatic spirits 
including pleasant-tasting winter- 
green. A popular and effective rem- 
edy for children’s digestive disorders, 
Castoria is still sold. 

Another surviving formula is that 
of Dr. Miles’s Compound Extract of 
Tomato, a popular patent medicine 
of the 1830s. Although it vanished 
long ago from drug counters, Com- 
pound Extract of Tomato can be pur- 
chased today—as ordinary catsup. 
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JUMBO FEEDS BABY CASTORIA | 
| from peasant nurse ta tigh torn /aiy While Jumbo, too, though not a lady | 
All mothers know what's good for baby follows suit and feeds the great baby 


CASTORIA. _CASTORIA._ 
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TWO FOR A HORSE” PLUGGING FOR A USEFUL REMEDY 


A poster for Pratts Healing Ointment, a 19th ammonia. chloroform, alcohol and turpentine A vivid advertising card of 1885 shows ths 
Century farm remedy, stresses its value for both into Combinations that were also useful to hu mous circus eleohant Jumbo feedu 

man and beast. Patent-medicine manufacturers mans. A familiar dosage instruction for inter ne of the few old remedies that has ¢ 
mixed horse-liniment ingredients like camphor nal use was “One for a man, two for a horse useful T Thur iS amy 
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The Battle 
of the Billboards 


In the i \ 13 \ 
the names | 


of patent medicines 
remedies assailed the public at every 
risers of ele- 
vated railway st n steps in New 
York City to the pau ished walls 
of Niagara Falls anc ‘rand Can- 
yon. Manufacturers, |o ina fierce 
competitive struggle, 
gimmick in their massive 
campaigns. Newspapers \ | 
with patent-medicine advertising 
often paid endorsements disgu 
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news items—and the almanac put 
out by Ayer’s Sarsaparilla was a fa- 
miliar item in many American house- 
holds. Owners of strategically located 
barns allowed the names of patent 
medicines to be proclaimed in huge 
letters—in exchange for a free coat 
of paint. No settlement was too small 
or remote for the far-ranging medi- 
cine shows and pitchmen, whose en- 
tertainment and elixirs were equally 
well received. 

There seemed to be no limit to the 
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publie’s aeceptance of patent reme- 
dies, and a bemused English visitor 
wrote: “We breakfast on aloes, dine 
on cassia, sup on logwood and myrrh, 
and sleep on morphine and prussie 
acid.” He neglected to mention the 
most prevalent ingredient of all: al- 
cohol. Many a teetotaling temperance 
advocate saw no cause for suspicion 
in the pleasant glow produced by the 
popular “blood tonics” like those ad- 
vertised on these pages, most of them 
eontaining over 25 per cent alcohol. 
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Croup, BURNS, INSECT BITES SUN, NIND, 
ANOWATER CHAPS, BRUISES, PIMPLES, 
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“But drink the draught, ‘twil save you 
That bids consumption fly, 

Take Dr. Swayne’s Wild Cherry, 

And do not, do not die!” 


The best customers for 19th Century 


patent medicines were those suffer- 
ing from the serious, contagious 
respiratory diseases—influenza, pneu- 
monia and “consumption” (tuber- 
culosis)—that accounted for approx- 
imately 25 per cent of all adult 
deaths in the United States in 1900. 

Although these three diseases were 
then considered incurable, hundreds 
of patent medicines were advertised 


+ 


“KEUCHEN CURA 
CALDWELL SWEET & BROS.,, PAoPnicToRS, BANGOR, ME. 





’ 


euchen Cura 


AN OLD DUTCH REMEDY 


FOR— 


COUGHS 


AND 


COLDS. 








a 


: 


i 


as sure cures. The most popular were 
the sweet-tasting cherry pectorals, 
like Wistar’s Balsam of Wild Cherry 
(opposite) and Dr. Swayne’s brand that 
inspired the verse opposite. In most 
eases the chief ingredient, disguised 
by a pleasant cherry flavor, was opl- 
um. The nareotie drug provided tem- 
porary relief from chest pains but 
had absolutely no effect on the germs 
that cause respiratory ills. Dr. King’s 
New Discovery for Consumption con- 
tained both chloroform, to ease the 
wracking coughs of tuberculosis, and 
opium, to give the patient a false 


and often fatal—sense of well-being. 


I8 A SURE CURE FOR ALL AFFECTIONS 
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A more subtle approach was em- 
ployed by Dr. Samuel Hartman, the 
millionaire manufacturer of 
In his widely distributed booklet, 
“The Ills of Life” Hart 
man insisted that his medicine cured 
But then 
Hartman went on to define consump- 


Peruna. 


above. right - 


only one thing: catarrh. 
tion and pneumonia as “catarrh 
the lungs,” enteritis as catarrh of the 
ecatarrh 
of the heart, measles as catarrh of the 


intestines, heart disease as 
skin and dozens of other ailments as 
other forms of catarrh. 

The cure for all these could be ac 
complished, according to Hartman, by 
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using his compound of seven vege 
table drugs in his 


flower, 


“cologne spirits,” 
name for alcohol. Chemical 
analvsis showed the seven drugs to 
half ol 


formula. 
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cent was water—and 2&8 per cent was 
alcohol, making a drink as strong as a 
stiff highball. The Life 
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Palaces from 
Patent Medicines 


The patent medicines made million- 
aires of many 19th Century nostrum 
hucksters, who often vied with one 
another in ostentatious displays of 
wealth. G. G. Green built a show- 
place mansion and “laboratory” (/eff 
with earnings from his remedies, Ger- 
man Syrup, August Flower and Ague 
Conqueror. Dr. Joseph Schenck, of 
Pulmonie Syrup and Sea Weed Tonic 
fame, boasted both a Philadelphia 
mansion known as Schenck’s Palace 
and a 300-acre estate in the country. 
Swamproot millionaire Willis Kilmer 
owned five estates plus a stud farm. 

lor years, the citizens of Roches- 
ter, New York, were treated to the 
spectacle of feuding patent-medicine 
tycoons spending their fortunes to 
upstage each other. After Asa Soule 
had brought a major-league baseball 
team to Rochester and named it for 
his product, Hop Bitters, his rival 
H. H. Warner went him one better 
by building an astronomical observa 
tory and offering Warner's Safe Cure 
prizes to anyone discovering a new 
heavenly body, Then Soule. desper 
ate to regain stature, offered $100,000 
to the University of Rochester if it 
changed its name to Hop Bitters Uni 
versity, Rebutfed, Soule threw in the 
towel and headed west for Kansas 
and anew career as a land speculator. 
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The growing ground swell of criticism 
directed against patent medicines 
in the 19th Century by physicians, 
druggists and a handful of newspa- 
pers reached flood-tide proportions in 
the first decade of the 20th Century, 
as influential national magazines be- 
gan attacking patent remedies. 

In 1905, a remarkable series of ar- 
ticles began to appear in Collzer’s. 
The series was widely ballyhooed in 
advertisements that fanciful, 
snakelike designs (border) to point 
to the grim cartoon above—a _ skull 
representing “the patent medicine 
trust” filling toothlike bottles from 
sockets labeled “laudanum” (opium) 


used 


and “cheap poisonous alcohol.” 

In the very first paragraph of the 
lead article, Samuel Hop- 
kins Adams stated a theme he would 
with devastating accura- 


reporter 


document 
ey in each of the installments thai 
followed: that the purchasers of pat- 
ent medicines “swallow huge quanti- 
ties of aleohol, an appalling amount 
of opiates and narcotics, a wide as- 
drugs ranging 


sortment ol varied 





“A Goblin-Realm 
of Fakery 


from powerful and dangerous heart 
depressants to insidious liver stimu- 
lants; and, far in excess of all ingre- 
dients, undiluted fraud.” 

Describing patent-medicine adver- 
tising as “a veritable goblin-realm of 
fakery,” Adams proceeded to attack 
264 nostrums and their manufactur- 
ers by name. Peruna was “the maker 
of drunkards”; Liquozone, the lead- 
ing “germ-killer” of the day, was a 
product of “pseudo-scientifie charla- 
tanry”; Orangeine, a popular head- 
ache powder, was a “subtle poison” 
because it contained acetanilid, a 
heart depressant that could be fatal 
to people with eardiac conditions. 

Kven before the series was com- 
pleted in 1906, an aroused Congress 
passed the first Pure Food and Drug 
Act, requiring names and amounts of 
such drugs as alcohol, opium and co- 
caine to appear on patent-medicine 
labels. By 1912, when Collier's un- 
dertook a new campaign (/eft), the 
freewheeling golden era of patent 
medicine was virtually over; a new 
era of scientific medicine had begun. 


























Lydia Pinkham’'s: 
A Hardy Survivor 


The transformation of patent medi- 
cines from fraudulent cure-alls to the 
often helpful remedies sold in drug- 
stores today can be traced in the 
changing content and claims of one 
of the old era’s survivors: Lydia Pink- 
ham’s Vegetable Compound. 

A home remedy sold by the original 
Lydia Pinkham in 1875 as a common 
cure for all female disorders, the veg- 
etable compound was first prepared 
in the kitchen of Lydia’s home in 
Lynn, Massachusetts. It was a blend 
of quaint ingredients: true unicorn 
root, false unicorn root, life root, 


pleurisy root, fenugreek seed, black 
cohosh—and 20 per cent alcohol. 

An intensive advertising campaign 
centered around a shrewd theme— 


“A woman best understands a wom- 
an’s ills”—made Pinkham’s one of the 
best-selling patent medicines at the 
turn of the century. Lydia’s benign 
features appeared on every box and 
her grandchildren were pictured on 
giveaway advertising cards (below). 
Beginning with the passing of the 
Pure Food and Drug Act in 1906, 
however, both the alcoholic content 
and advertised claims of Pinkham’s 
have been steadily reduced. Today 
the compound contains a number of 
new ingredients, including vitamin 
Bi, and while the liquid version con- 
tains 1312 per cent alcohol—about 
the strength of a glass of wine—most 
of the million-dollar annual sales 
comes from the nonalcoholic tablets. 































LYDIA E. PINKHAM’S 
VEGETABLE COMPOUND 


iS A POSITIVE CURE 


For all those painful Complaints and Weaknesses so 
common to our best female population. 





It will cure entirely the worst forms of Female Complaints. all 
Ovarian troubles, Inflammation, Ulceration, Falling and Displace- 
ments of the Womb, and the consequent Spinal Weakness, and is 
particularly adapted to the Change of Life, 

It will dissolve and expel Tumors from the Uterus in an early 
stage of development. The tendency to cancerous humors there is 
checked very speedily by its use. It removes faintness, flatulency, 
destroys all pcb, © for stimulants, and relieves weakness of the 
stomach. It cures Bloating, Headaches, Nervous Prostration, Gen- 
eral Debility, Sleeplessness, Depression and Indigestion. 

That feeling of bearing down, causing pain, weight and back- 
ache, is always permanently cured by its use. 

It will at all times and under all circumstances act in harmony 
with the laws that govern the female system. For the cure of 
Kidney Complaints of either sex this Compound is unsurpassed. 

Lydia E. Pinkham’‘s Vegetable Compound is prepared 
at Lynn, Mass. Price, $1.00; six bottles for $5.00. Sent by mail in 
the form of Pills, also in the form of Lozenges, on receipt of price, 
$1.00 per box, for either. Send for pamphlet. All letters of inquiry 
promptiy answered. Address as above. 

No family should be without LYDIA E. PINKHAM’S LIVER 
PILLS. They cure Constipation, Biliousness, and Torpidity of the 
Liver. 25 cents per box, 


Lydia E, Pinkham’s Blood Purifier, 


This preparation will eradicate every vestige of Humors from the 
Blood, and at the same time will give tone and strength to the system. 
It is far superior to any other known remedy for the cure of all 
diseases arising from impurities of the blood, such as Scrofula, 
Rheumatism, Cancerous Humors, Erysipelas, Canker, Salt Rheum 
and Skin Diseases. 
SOLD BY ALL ORUGGISTS. 


Compliments of 








BEFORE AND AFTER 


An 1889 advertising card fc: Lydia Pinkham’s ist of “cures on the back, including “kidney restricting label claims. offered nothing more 
Compound (fadove/ displays granddaughters Lucy complaints of either sex.’ By contrast. the 19175 than a cautiously worded recommendation for 
and Marion Pinkham on the front and a2 lona aqgvertisement conforming to new laws use in unspecified weaknesses and disorders 
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The 
Challenge 


Clutching his brush in a hand crippled by 


arthritis. the impressionist artist Prerre Au 


guste Renor 
ing despite his painful ailment—one 


the serio leqenerative diseases 


continue t hallenge pharmacoloaists 


4 stay 


struqgied to continue paint 
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THE 1937 EDITION of the United States Dispensatory, the standard Ameri- 
ean reference book on drugs, contained some 3,090 entries. Thirty 
years later, 2,470 of these preparations were no longer listed because 
they had been proved worthless—but new drugs had brought the total 
to 1,508. These figures symbolize the pharmacological revolution, which 
promoted the science of drugs from a rather humble collaborator with 
medicine to its most intimate associate. 

Of the revolution’s significance in human terms there is hardly need 
to speak in detail. In the United States, as in all other countries where 
modern drugs and medical services are widely available, people live 
longer—and more productively—than ever before. Of the serious infec- 
tious diseases, many can be cured with drugs; many of those impervious 
to drugs can be prevented by vaccination. Progress in treating mental 
disease has been almost as remarkable, largely due to the use of new 
drugs. Even the degenerative diseases—notably those prime killers that 
cause heart and blood vessel disorders—can often be alleviated by drugs 
that permit a victim to lead a tolerable if circumscribed existence. 

For all its achievements, however, this revolution has shown the same 
limitations as have history’s social and political revolutions: modern 
pharmacology has not solved all the problems of disease, and even while 
solving certain problems has created new ones. For some diseases there 
are literally too many drugs, so that physicians have difficulty deciding 
on arational basis which to use. Other diseases, for which there are too 
few useful drugs, have suddenly grown into serious threats to human 
welfare and probably will not be overcome without major new discov- 
eries. But making such discoveries is increasingly difficult. In part this 
is because fresh basic knowledge must be accumulated to inspire new 
discoveries; in part because drug research involves human experimenta- 
tion that poses difficult ethical questions. 

If these problems can somehow be solved, they might open the way 
to still another pharmacological revolution and supply remedies for 
cancer and arthritis, a preventive for old age, even stimulants to intelli- 
gence and drugs to improve the very nature of the human race. How- 
ever, such a new victory would, in turn, bring problems of its own. For 
already it is clear that whatever direction drug progress may take in the 
future, it will not merely affect the individual for whom a drug is pre- 
scribed, but will exert potent effects on society at large. 

Today, the most obvious “drug problem” stems from the sheer multi- 
plicity of drugs. There are, for example, some 44 different antibiotics 
now being sold in the United States, including 15 varieties of penicillin 
alone. Part of this array is accounted for by the existence of several 


major categories—the penicillins, the tetracyclines and so on—each of 


which has its own peculiar characteristics that adapt it for use against 
particular kinds of diseases and in particular kinds of circumstances. 
But within each category there are many compounds whose elfects dif- 
fer from one another marginally; even experts cannot always agree on 
which is most effective. The list of things that drugs ean do has expanded 
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A DEATH-DEALING EXPERIMENTER of the 
First Century BC. King Mithridates VI. ruler of 
the ancient kingdom of Pontus in Asia Minor 
investigated the action of poison drugs by 
trying them on condemned convicts Through 
these cruel tests—which grew out of his 
desperate fear that he would be poisoned by 
plotters— Mithridates discovered what he 
believed was a universal antidote, a useless 
concoction made mainly from walnuts. salt and 
dried figs His work gained him great fame and 
little censure—for the use of human quinea 
pigs Was an accepted practice in his time 


rapidly over the past 30 years; but the list of drugs has expanded faster. a 
The explanation for this duplication and reduplication of drugs lies 
in the economics of the pharmaceutical business. Drug research is al- 
ways costly. But it is far less costly to develop a slightly different—and, 
hopefully, a better—variation of an existing drug than to undertake the 
lengthy and too often unsuccessful search for an altogether new type of 
drug. Breakthroughs in drug research (or any other kind) do not happen 
to order; often, indeed, they depend on the infrequent lucky accident. 
Any drug company that devoted its research efforts to the pursuit of 
breakthroughs, though it might just possibly usher in a new medical 
era, would be far more likely to land abruptly in bankruptcy court. 
But the proliferation of new and not always easily distinguishable 
drugs poses troublesome problems for the practicing physician. Keeping 
track of the scientific literature on the properties, uses and side effects 
of all new drugs is far beyond the capacity of any doctor primarily 
concerned with looking after patients. Some harassed physicians have 
stopped trying to make their own appraisals of new drugs solely from 
the professional literature and rely on information supplied by the ad- 
vertisements and sales representatives of the drug companies. This sit- 
uation, observes pharmacologist Louis Lasagna, is disturbing to many 
who would prefer to see doctors guided by “groups less likely to have a 
bias arising out of the need to earn money for the stockholders.” 
These problems are quite likely to get worse before they get better. 
Breakthroughs in pharmacology, rare enough in the past, may be even 
rarer in the immediate future. Ernst Boris Chain, one of the “Oxford 
group” that developed penicillin, has declared: “The dazzling success 
and rate of development . .. in the last few decades cannot be main- 
tained in the future at the same level... unless there is a flow of new 
ideas based on the discovery of new biologic phenomena. We are, at 
present, living on inherited capital, a very large capital to be sure, but 
not inexhaustible.” Chain, like many scientists, is concerned over a 
growing tendency, in and out of government, to pursue immediate prac- 
tical goals at the expense of the theoretical advances that often seem 
useless—but on which tomorrow’s successful applications depend. 


Answering the basic questions 


Lasagna, at asymposium titled “The Medicated Society,” spelled out 
a few of the specific questions to which basic research must address 
itself: “How do our drugs work? How do they interact with other drugs 
... 2? How much do people differ in their handling of drugs ... how do 
children differ from adults. . . ? What genetic factors are important in 
determining drug effects? Why do some drugs lose their effect on con- 
tinued use?” Without answers to these and other perhaps even more 
fundamental questions, the pharmacological revolution may soon be 
largely a memory. 

The business of getting such answers has been further complicated 
by the question of how research should be carried out on human sub- 


jects. No one doubts that some research of this sort must be conducted 
if progress in drugs, and in medicine generally, is to continue. But when, 
and under what circumstances? 

Doctors have been especially sensitive to this problem since World 
War II. At the war crimes trials that followed the hostilities, it was re- 
vealed that certain Nazi physicians had forced concentration camp in- 
mates to serve as experimental subjects. Many of the experiments were 
extremely cruel; some, indeed, seemed designed rather to gratify the 
experimenters’ sadism than to advance medical knowledge. 

Shocked by these revelations, physicians throughout the world felt 
compelled to reexamine their own beliefs governing human experimen- 
tation. Their conclusions were formalized in such ethical codes as the 
Declaration of Helsinki, adopted in 1964 at a meeting of the World Med- 
ical Association. The Declaration lays down stringent guidelines for 
clinical research, in particular making clear that it should be carried out 
only with the patient’s consent. This Declaration has been endorsed by 
medical groups in many countries, including all the major U.S. organi- 
zations of medical researchers. 


Problems of ‘the patient's consent” 


But just what is involved in “the patient’s consent’? The difficulty of 
answering this question has been highlighted by several incidents in 
which researchers have carried out experimental work on individuals 
who, as it turned out, were not informed of the precise nature of the 
experiment. They had “consented”—but their consent was based on 
faith in the doctors, not on knowledge. As a result, both the Declaration 
of Helsinki and regulations of U.S. government bodies concerned with 
research now require that individuals taking part in almost any kind of 
drug experiment must first register their informed consent. 

On the face of it, this provision seems no more than reasonable. [f 
human beings should not be forced to undergo experimental treatment 
—and everyone agrees that they should not—surely they should not be 
permitted to volunteer to do so unless they understand what they are 
volunteering for. But like many ethical questions, this one is not quite 
so simple as it looks. 

To ascertain the worth of a new drug, results with the drug are often 
compared with the results obtained when a placebo is used. A patient in 
the study group must, if he is to give his informed consent, be told that 
he may receive a placebo if the luck of the draw runs that way. Quite 
likely he will object; why, after all, should he take the chance of receiv- 
ing no medication? In such situations clinical researchers are finding 
patients reluctant to sign the required consent forms. 

How the “informed consent” requirement might hamper vital medical 
research is best shown by describing the valuable information obtained 
from an experiment that could not have observed this rule. In India, not 
long ago, a group of doctors undertook an investigation of treatments 
for tetanus. Tetanus is a serious public health problem there, ranking 














A RESPECTER OF LIFE. Roger Bacon. the 
pioneering English scientist of the 13th Century 
opposed the use of human beings as quinea 
pigs in drug tests Bacon. a leader in the rebellion 
against medieval reliance on written authority 
was one of the first scholars to recognize the 
need for experimentation True knowledge. he 
believed. could only be gathered through the 
observation of nature and the testing of 
theories But he condemned experiments that 
used people because he felt that ‘the nobility 
of the material’ made the possibility of 
mistakes unacceptable 


among the four leading causes of death. Obviously a better understand- « 
ing of the disease is an important and worthwhile goal for Indian medical 
researchers, and for the population generally. 

Tetanus is treated with antitoxin, which neutralizes the poisons lib- 
erated by the tetanus bacillus. Or so, at least, it was thought. Antitoxin 
does not always work—and the Indian physicians were brash enough to 
wonder whether it ever worked. 

They thereupon set up four groups of tetanus patients. Three received 
antitoxin, though in different doses, the fourth received no antitoxin at 
all. The result, in terms of current medical practice, was startling: the 
groups showed no differences. Regardless of whether they had re- 
ceived antitoxin, or how much they had received, about half of each 
group recovered and the rest died. 

If these results are confirmed by other research teams they will consti- 
tute an important contribution to medical knowledge. If a drug is worth- 
less, the sooner doctors know it the better, especially since a worthless 
drug may make some patients even sicker (tetanus antitoxin in particu- 
lar produces a good deal of “serum sickness”). Moreover, misplaced 
faith in a drug can lead to poorer general treatment. 

In the United States, under current regulations, such an experiment 
would almost certainly be impossible. Few tetanus patients if any would 
consent to receiving no antitoxin; indeed, few physicians would be 
courageous (or foolhardy) enough to suggest it. Yet it is hard to avoid 
the feeling that some experiments of this sort must be carried out if 
worthless old drugs are to be weeded out of the pharmacopoeia and new 
and better ones included. 

This ethical dilemma has been summarized clearly by Samuel Bukantz 
of New York University, a physician well acquainted with the problems 
of drug research. “No declaration of principles, however widely endorsed, 
no system of regulations. however rigorously enforced, can evade the 
need for making ethical choices and ethical compromises,” he declares. 
“Sick people want—and are entitled to—the best care obtainable. Well 
people want—and are entitled to—a rapid advance in medical knowledge 
against the time when they too may fall sick. And sometimes the interests 
of the sick individual and those of the society of which he is a part are 
going to conflict. Putting it at its bluntest. there will be times when the 
researcher must decide whether he is prepared to risk one life in the hope 
that he can later save thousands.” 


Frontiers of pharmacology 


Despite the scientific and ethical problems that stand in the way of 
drug progress, pharmacologists can see exciting prospects ahead. They 
cannot predict what wonder drugs are about to be found, let alone when. 
But it is possible to single out the challenging areas of pharmacology, 
the scientific frontiers that promise discoveries revolutionary in their 
impact on mankind. 

By all odds the most immediately challenging area is that of the degen- 


erative diseases, whose dangers have been made even more apparent 
by the success of drugs against infection. Drugs, if they have not con- 
quered infectious diseases, have at any rate shown how to contain many 
of them; in those parts of the world where infection is still a serious men- 
ace, the problem is less that of finding suitable drugs than of making 
existing drugs, together with medical and sanitary services, available to 
the population. 

But when it comes to cancer, rheumatoid arthritis, or disorders of the 
heart and blood vessels, we find that their tol! has gone up, not down, 
during the pharmacological revolution—and in precisely those prosper- 
ous countries where drugs are most readily available. In a sense this is 
a tribute to medical progress, since the increased incidence results in 
part from the fact that more people are living long enough to develop 
these diseases. But it is hardly cause for rejoicing. 

Although degenerative diseases can almost never be cured, their prog- 
ress can sometimes be checked. The derangements they produced in 
the body can often be ameliorated by drugs that derange the body in 
the opposite direction, as some drugs do in the case of high blood pres- 
sure. But deranging the body, even for the patient’s benefit, is not the 
physician’s true aim; his goal is the restoration of normal functioning. 


Pinpointing a process 


To cure degenerative diseases will require pharmacological sharp- 
shooting—in the technical phrase, the use of drugs with a very high 
specificity of action. Drugs have been successful in knocking out microbes 
because high specificity is not essential to that task. The targets are or- 
ganisms whose physiology differs radically from that of man; there is, 
therefore, a reasonable probability that a drug damaging to microbes 
will not seriously damage the human body. But in degenerative disease 
the target is some abnormal process of the patient’s own body. Generally 
physicians do not know precisely what process is at fault; even if they 
did, they would still face the delicate task of correcting the deranged 
process without disrupting other, normal processes on which life de- 
pends. There are, for example, hundreds of drugs that will destroy can- 
eer cells. But their effects on normal cells are so similar, and thus so 
serious, that they can seldom be used in adequate doses or for periods 
of time sufficient to eradicate the cancer. In tackling degenerative dis- 
ease, the pharmacologist resembles a policeman who, armed only with 
a shotgun, is trying to disable a killer in a crowd of innocent bystanders. 
To do the job safely, he needs a rifle. 

The search for more specific drugs is already leading pharmacology 
into an even broader area than the control of degenerative disease: the 
control of growth. In a sense, many degenerative diseases involve dis- 
orders of growth. In cancer, the growth of certain cells is out of control; 
in rheumatoid arthritis, growth is inadequate—that is, the body lacks 
sufficient capacity to repair itself. But control of growth raises possibili- 
ties far more radical than a cure for cancer or arthritis; it could, for 
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example, show how to regenerate an amputated limb. A worm can grow © 
a new head, and a salamander can regenerate a leg. But this capacity 
to repair bodily damage decreases markedly among the higher and more 
complex animals; a man can regenerate only a fraction of an inch of most 
organs (the only important exceptions are the skin, and the liver, which 
for some unexplained reason will grow back to near-normal size even 
after much of it has been surgically removed). 


An answer to old age 


Nobody knows how a salamander manages to grow its new limbs. The 
process almost certainly involves chemical changes in certain cells that 
enable them to multiply far more profusely than they did before, yet with 
sufficient organization to form a limb, not a tumor. If the nature of these 
changes can be pinpointed, drugs could presumably be devised to bring 
about similar changes in human tissues. Amputees could be supplied with 
natural, not artificial limbs; weakened heart muscles could grow new 
fibers, restoring themselves to youthful vigor; rheumatic joints could 
replace their rough, inflamed linings with smooth, healthy new ones. 

If drugs can ever manipulate growth to this extent, mankind will be 
in sight of victory over the ultimate disease: old age. For old age, too, 
results from a breakdown in the body’s self-repair mechanisms. In nearly 
all organs, cells are constantly being used up and replaced; eventually, 
for reasons still unkown, the body becomes unable to replace the cells 
as fast as they die off. Muscles grow lean and stringy; heart, stomach 
and kidneys lose cells and perform less efficiently; brain cells vanish, 
taking memories with them. Although most old people die of some dis- 
ease other than senility, it is nonetheless age that kills them: their wan- 
ing organs lack the capacity to withstand the disease. Drugs that could 
restore the body’s capacity to repair itself would bring the human race 
close to immortality. 

As drugs help man toward a healthier and longer—perhaps much long- 
er—life, they may also help him toward a better life, by expanding both 
his intellectual and his physical capacities. One drug whose effects on 
animals are already being studied seems to speed up learning and im- 
prove memory; a few clinical studies with elderly people suggest that it 
may have similar effects on man. It is not inconceivable that in another 
10 to 20 years men will be able to take pills to step up their intelligence. 

Drugs may also be able to improve man in another way: by manipulat- 
ing his heredity. The Rockefeller University’s distinguished geneticist 
Edward L. Tatum is even willing to speculate about the possibility of 
“genetic engineering,” which could suppress harmful traits, emphasize 
desirable ones and eventually, perhaps, even synthesize genes to order. 
Parents might be able to “design” their children according to their own 
plans—and even redesign themselves. Man’s hereditary defenses against 
disease might be strengthened to the point where most drugs would 
become unnecessary, thus achieving the ultimate goal of pharmacology, 
a healthy society rather than a medicated society. 


No one can predict when, or if, any of these miraculous drugs will be 
discovered. What can be predicted with certainty is that their discovery 
will pose social problems and new medical problems beside which cur- 
rent preoccupations with pharmacological side effects and medical 
ethics will seem trivial. 

The impact of drugs on society is already obvious. The population 
explosion—which threatens a serious gap between the number of people 
and the world’s supply of foodstuffs, not to mention its effect on urban 
sprawl, traffic jams and smog—has resulted from a sharp fall in the death 
rate caused in part at least by drugs. It does not take much imagination 
to foresee the increase in population that would accompany cures for 
degenerative diseases or the discovery of some form of longevity pill. To 
be sure, contraceptives (pills or other types) can lower the birthrate, but 
only if people can afford them—and take them. Manipulating man’s pro- 
creative behavior is—perhaps fortunately—a good deal more difficult 
than manipulating his reproductive machinery. 

Again, genetic engineering of unborn children would doubtless permit, 
among other things, a choice between a boy or a girl baby. In countries 
in which male children are considered a blessing and females a curse, 
the result might be a generation with nine men to every woman. 


Terror of drugs misused 


Thus drugs that are innocuous or even constructive when employed 
on a small seale suddenly assume frightening aspects when employed 
ona mass scale. We have already had a taste of this in the case of the 
drugs with which our air, water and soil are being permeated. One farm- 
er applying insecticide to his fields increases his crop; a thousand farm- 
ers doing the same thing destroy songbirds and fish. The exhaust from 
one car is, at worst, an unpleasant odor—but vapors from 10,000 cars 
destroy vegetation, inflame our eyes and damage our lungs. In assaying 
the social impact of drugs, the whole is often a great deal more than the 
sum of its individual parts. And when we consider what might happen 
if drugs were deliberately misused, the possibilities are truly terrify- 
ing. If drugs can increase intelligence, they can decrease it, producing a 
dim-witted population controlled by a self-perpetuating elite. If genetic 
engineering can produce a superrace, it can produce a subrace. 

These possibilities may sound like the fantasies of horror-science fic- 
tion. They are not. Many sober scientists believe that advances in biolo- 
gy and pharmacology will raise social issues as vital as those created 
by atomic weapons. Failure to consider these issues in advance and deal 
with them wisely could lead to a biological Hiroshima. 

To achieve new pharmacological breakthroughs will require immense 
amounts of knowledge. But to determine how new substances are to be 
used—to hold death at bay or to bring it closer, to move man toward a 
golden age of health, longevity and intelligence or thrust him back to- 
ward savagery, oppression and famine—will require something much 
rarer than knowledge: wisdom. 
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TESTING A MEMORY DRUG, two rats attempt 


the same maze to show whether a compound 
can help one of them learn the path Both rats 
had been through the maze many times before 
the test started Then one rat (gray) was 

given a neutral injection and sent through 

the maze: itt made six mistakes /Xs/ in the 
portion of his route shown here (top, dashed 
gray lines), The other rat (green) was 

injected with picrotoxin, a drug that 

stimulates the brain. and made only three 
mistakes in its passage (dashed green /ines)., an 
indication that the drug had helped the 

rat to learn from his previous experiences 


An Outpouring of 
Pills and Potions 


In 1946, America’s pharmaceutical manufacturers had sales 
of about $520 million. Two decades later their sales totaled 
over $5 billion—a phenomenal tenfold increase—and theirs 
had become one of the most important and most profitable 
industries in the country. By then the drug companies were 
employing 121,000 people in 1,700 plants located in every 
state, and were satisfying a national demand for 12 billion 
prescription tablets and capsules each year. 

To achieve this growth, the industry had developed drug 
production methods radically different from those of the old- 
time pharmacist who pounded herbs with mortar and pestle 
and rolled pills by hand in the back of his shop. Today gleam- 
ing machines in tiled, aseptic rooms prepare and mix ma- 
terials that come both from natural substances imported from 
all parts of the world and, more and more often, from syn- 
thetics concocted in the chemist’s vats. But the most remark- 
able change in the drug industry is the increased importance 
of research and testing—a development strikingly illustrated 
by pharmaceutical companies’ annual requirements for lab- 
oratory animals: 7.6 million mice, 2.2 million rats, 620,000 


chickens, 190,000 guinea pigs and 2,590,000 other creatures. 





SHAPING THE CAPSULES 


Red-tinted molten gelatin drips over stainless __ ing, like the other steps of drug manufactur- 
steel pins, forming capsules that will hold one ing, has become a highly developed art, for the 
of the 7,000 medications the US. pharma Sanitary containers must be mass-produced 


ceutical industry now produces Capsule mak to exacting standardsofsize, color and content 
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Strange Sources 
for Drugs 
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Bats’ wings and ground pearls, two 
favorite ingredients of the medieval 
alchemist-pharmacists, are no longer 
raw materials for drug makers, but 
modern pharmaceuticals are derived 
from sources hardly less exotic. 
Microbes originally found in soil 
produce the antibiotic chlortetra- 
eycline. Horse blood vields tetanus 
serum. Human placentas—obtained 
bv collecting the afterbirth that fol- 
lows a baby from its mother’s womb 


are the main source of the infection- 





fighting substance gamma globulin. 
The common autumn crocus provides 
colchicine for gout; ouabain, a heart 
stimulant, comes from an exotic Afri- 
can dogbane shrub. 

Although animals and plants fur- 
nish many drug components, modern 
manufacturers tend more and more 
to create their own materials, which 
are purer and more uniform than na- 
ture’s. Today about three fourths of 
all prescription pre ducts available 
are concocted in the chemists’ vats. 
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A NATURAL SUPPLY OF BLOOD 


Frozen human placentas. thaw 


at Lederle Laboratories. Pearl Rive New 
provide blood for the productior oft 
globulin, used to treat or prevent infect 
atitis In a five-week pri 


is separated from the blood and the 
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A SPLASHING SEPARATION 
By rocking a hundred glass tubes at once. the 


se were, oJ pay 


purifier above analyzes a crude drug mixture 
The machine splashes the mixture through tubes 
of solvents so each solvent can dissolve a dif- 
ferent amount of each component. Finally noth 
ing but pure materials will remain in the tubes 


SPOTTING A NEW DRUG 

To identify drug materials, a chemist uses a 
process called chromatography. In each jar a 
paper spotted with 2 drug is suspended in sol- 
vent. The solvent dissolves the inqredients and 
carries them down the paper, each at a different 


rate so that it appears as an identifiable smear 
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Drugs Secret 
Ingredients 
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Two unseen ingredients go into the 
making of every drug. One of them ts 
research: the other is testing. With- 
in the past four decades, pharma- 
ceutical manufacturers’ research has 
mushroomed into a $470-million-a 
year effort to discover and develop 
new medications. Of the drugs most 
often prescribed today, 75 per cent 
were not in existence a decade ago. 
The starting point of drug research 
is isolating and identifying likely ma 
terials (opposite and above). Kew 
chemicals remain untried. The an- 
timalarial compound, atabrine, was 
originally prepared as a yellow dye, 





and the antidepressant, iproniazid, 
was derived from hydrazine, a com 
ponent of rocket fuel, 

Mven the old drugs, long extracted 
from plant or animal products, are 
the subject of intensive research. For 
if their aetive ingredients can be iso 
lated and reproduced in the labora 
tory, the drugs may be improved. 
With synthetic drugs, manufacturers 
are no longer tied to undependable 
or seasonal natural supplies. Most 
important, the drug can then be man 
ufactured with consistent quality, 
simplifying the production tests that 
serve to guarantee uniform products. 





Rabbits in a row—some of the 120.000 employed every year in drug testing 


A Ceaseless 
Policing Program 


Tw 4 


Long after a drug has been discov- 


ered, developed and accepted for 


medical use, its testing continues. At 
every stage of manufacture, repeated 
inspections check whether the com- 
pound is, in faet, what its specifica- 
tions call for. This continuing quality 
control is more expensive than the 
combined cost of raw materials and 
manufacturing; it accounts for nearly 


await temperature checks that help to determine the purity of 


one fifth of all production employees 
and requires more animals for the 
laboratory than inhabit all the zoos 
in the world. 

(Quality control may involve more 
than 100 different kinds of tests, 
some as simple as measurement of a 
tablet’s thickness and weight, others 
as complex as delicate analysis of 
chemical ingredients, and still others 


water used in the manufacture of a compound 


as elaborate as the precautions taken 


to ensure the purity of the water 


used in manufacturing processes. 
The most stringent tests are made 
on the so-called biologicals, such as 
vaceines and most antibiotics, which 
cannot be synthesized but must be 
obtained from living microorganisms. 
Since living things vary in unpre- 
dictable ways, their products are sel- 


The 





water, injected tnto the rabbits. causes fevers if impurities have made it unsafe to use 


dom uniform. Kach bateh of certain 
biological drugs is tried on animals 
to see that it conforms to standards 
of safety and potency—a_ lengthy 
procedure not often necessary for 
synthetic drugs. Quality control 
does not end when a drug leaves 
the plant, for manufacturers periodi- 
eally colleet samples from druggists’ 
shelves to test for deterioration. 
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Sugarcoating 
the Medicine 


Most drug compounds, so arduously 
assembled, elaborately tested and 
painstakingly processed, end up in 
prosaic tablet form. But the humble 
tablet-is not as simple as it looks. It 
contains many other elements in ad- 
dition to the drug. A binding materi- 
al, often a sticky form of sugar, holds 
the tablet together. And to make 
certain it breaks up after it is swal- 
lowed, the tablet also includes a “‘dis- 
integrator” like cornstarch; when 
moistened by stomach liquids, the 
starch swells, breaking the tablet 
and releasing its ingredients. 
Covering these substances is the 
coating, often the most complex part 
of the pill. A tablet may be coated 
with as many as 100 layers, requiring 
20 days to apply. Each layer serves 
a special purpose, such as protecting 
against chipping or adding an agree- 
able flavor. Some tablets get an 
outer coating of highly refined shellac 
to protect them from being broken 
up by stomach acids and to make 
sure they arrive in the intestines be- 
fore dissolving. Other coatings di- 
vide a single tablet into separate 
compartments, each containing its 
own specific drug. These coatings 
permit combining into one dose drugs 
that might ordinarily react if mixed. 


A PAN FOR PILL POLISHING 

Inside canvas-lined pans. antibiotic tablets are 
tossed and tumbled. half an hour at a time 
for polishing and buffing Each pan holds about 
80.000 tablets. which are buffed with tale 
and given a shine by beeswax-carnauba polish 
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A LAST-MINUTE LOOK 
Spilling into a drum at the end t 


belt, tranquilizer pills are culled by hand at t 
Smith Kline & French plant in Philadelphia bri 


fore they reach the packaging rachines at | 


When tablets have been coated and 
polished, and capsules loaded with 
drugs, they roll off CONVeVOr belts by 
the hour and drop into automatic la- 
belers. There a mechanical printer 
(below, right) tirelessly stamps newly 
made drugs with identifying names 
and numbers at a dizzying speed. 

As the conveyor belt dumps its 
nonstop procession of tablets into 
shipping drums (below, left), vigilant 
inspectors pull out an occasional 
chipped or unlabeled pill. The drugs 
flow by chute to automatic counters 
and loaders like the one on the oppo- 


site page, and are double-checked. 

As the loader’s filled slots spill their 
tablets into sterile bottles, one team 
of Inspectors pulls bottles at random 
to count the contents. At the same 
time the quality control department 
takes its own samples for analysis. La- 
bels for the bottles are guarded in 
locked eases and checked against the 
drug’s contents before loading into 
the labeling machine. Each step as- 
sures that wherever the prescription 
is filled, at any of the nation’s 55,000 
pharmacies or 7,000 hospitals, it will 
be exactly what the doctor ordered. 





STAMPING FOR SAFETY 
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Great Men 
of Drugs 


IN AN AGE of sulfa drugs, antibiotics, hormones and 
vitamins, it is hard to realize that many of our most 
valuable drugs did not exist less than a century 
ago, when medicine still relied on remedies hardly 
changed from Nero’s time. Only since pharmacol- 
ogy emerged as a science in the late 19th Century 


APPENDIX 


have dedicated men, like the ones cited on these 
pages, made our most important drug discoveries. 
Paul Ehrlich found Salvarsan 606 in a chemical 
dye in 1910; Alexander Fleming discovered penicil- 
lin in a speck of bread mold in 1928. And, as this 
book indicates, the search is really just beginning. 





PEDANIUS DIOSCORIDES (First Century A.D.), a Greek physician who served with Rome’s 
armies, produced the most complete catalogue of ancient drugs. His five-volume De Materia 
Medica, describing some 900 medications, was a standard reference work for over 15 centuries. 


THEOPHRASTUS VON HOHENHEIM (1493-1541), known as Paracelsus, was a Swiss phy- 
sician who advocated chemical cures for all diseases. He is credited with introducing such 
valuable remedies as mercury, sulfur, iron and distilled extracts into Renaissance Europe. 


HUMPHRY DAVY (1778-1829) was a brilliant English chemist whose distinguished career be- 
gan with his discovery of nitrous oxide at the age of 20. After experimenting with this com- 
pound, which came to be ealled “laughing gas,” Davy correctly predicted its role as an anesthetic. 


FRANCOIS MAGENDIE (1783-1835), a pioneer in experimen- 
tal pharmacology, undertook systematic tests of the effects of 
drugs on animals and humans. He was responsible for securing 
medical acceptance of such drugs as strychnine and morphine. 


FRIEDRICH SERTURNER (1783-1841), a German chemist, 
produced the alkaloid morphine from opium in 1806, the first 
isolation of the active component of a natural drug. He also 
showed how other medications could be derived from opium. 


JAMES SIMPSON (1811-1870), a Scottish obstetrician, was the first to use an anesthetic drug 
—chloroform—to ease the pain of childbirth. His technique was widely opposed at first, but 
won acceptance after it was used to help Queen Victoria deliver her eighth child in 1853. 


CLAUDE BERNARD (1813-1878), a French physiologist, provided the first scientific explana- 
tion of how a drug works when he described the poisonous action of carbon monoxide. Bernard 
also explained the muscle-relaxing ability of curare, a deadly poison used by jungle warriors. 


HORACE WELLS (7815-7848), a Connecticut dentist, successfully experimented with the anes- 
thetic nitrous oxide in 1845. Ridiculed when a publicized demonstration to a group of surgeons 
in Boston ended in a fiasco, he brooded over the failure and committed suicide at the age of 33. 


JAMES BLAKE (78175-1893), an English physician who emigrat 
ed to America in 1847, established the principles that the chem 
ical structure of drugs determines their effect on the body, and 
that drugs become active only upon reaching responsive tissues 


WILLIAM MORTON (18179-1868) was a Boston dentist who 
proved the utility of ether as a surgical anesthetic. A month 
after he first used ether in 1846, Morton anesthetized a hospi- 
tal patient, permitting painless removal of a tumor on the jaw. 


RUDOLF BUCHHEIM (17820-1879) helped make pharmacology—the science of drugs—a sepa- 
rate and important branch of medicine. His model pharmacology laboratory at Dorpat, Esto- 
nia, the first of its kind in the world, was widely imitated by 19th Century European scientists. 
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CARL BINZ (1832-1913), a noted German pharmacologist, demonstrated that low concentra- 
tions of quinine could kill fever-causing microorganisms without dangerous side effects. Binz 
also compiled much of the 19th Century knowledge of drugs into a highly regarded textbook. 


OSWALD SCHMIEDEBERG (1838-1921) was the Russian educator whose textbook and tech- 
niques set the pattern for modern instruction in pharmacology. Schmiedeberg also did impor- 
tant research into the effects of the heart stimulant digitalis and the nerve drug muscarine. 


THOMAS BRUNTON (1844-1916), an English pharmacologist, studied the effects of drugs on 
the circulatory system. His findings produced greatly improved heart stimulants. among them 
amyl nitrite, which Brunton introduced to medicine as the first remedy for angina pectoris. 


JOSEPH VON MERING (1849-1908), a German biochemist, teamed with chemist Emil Fischer 
to produce the first commercial barbiturate, Veronal, in 1903. Von Mering also showed that a 
secretion of the pancreas—later identified as insulin—could regulate the symptoms of diabetes. 


WILLIAM HALSTEAD (7852-1922), first professor of surgery 
at Johns Hopkins Medical School, injected cocaine into a pa- 
tient’s lower jaw before an operation in 1884 and proved the 
drug's remarkable effectiveness when used as a local] anesthetic. 


JOHN LANGLEY (1852-1925) was an English physiologist best 
known for his studies of the body’s autonomic nervous system 
and its responses to drugs. He was the first to explain how nico- 





tine offsets the paralyzing effect of curare on muscle nerves. tidintensie 


PAUL EHRLICH (1854-1915) proved it was possible to create 
chemical drugs that would cure infections by killing particular 
organisms. His trypan red for sleeping sickness and Salvarsan 
606 for syphilis initiated medicine’s new era of chemotherapy. 


JOHN ABEL (1857-1938), the “father of American pharmacol- 
ogy,” trained two generations of pharmacologists at Johns Hop- 
kins University. His great achievement was the isolation of the 





Paul Ehrlich 


valuable hormone epinephrine from the adrenal glands in 1898. 


HENRY DALE (1875- , an English biologist, did research on rye mold that led to the isola- 
tion of acetylcholine, which reduces high blood pressure, for which he shared the 1936 Nobel 
Prize with Otto Loewi. Dale also led a world movement to standardize drugs and dosages. 


ALEXANDER FLEMING (1881-1955), a Scottish bacteriologist. discovered in 1928 that bread 
mold contains a substance that kills bacteria without damaging human cells. The substance, 
called penicillin, was later to become one of the first and finest of the modern antibiotic drugs. 


ALFRED CLARK (1885-1941), a British pharmacologist, dis- 
covered that some drug combinations are antagonistic. caus- 
ing the drugs to counteract each other, while others are syner- 
gistic, producing jointly a greater effect than if used separately. 


JOHN TREVAN (1887-1956) was a British pharmacologist who 
took guesswork out of drug dosages by establishing standards 
based on tests with large numbers of animals. His technique 





Was first used to find safety margins for digitalis and insulin. 


SELMAN WAKSMAN /18838- _a Russian- American microbiologist. coined the term anti- 
bioties for the family of bacteria-killing drugs obtained from microorganisms. He earned the 
1952 Nobel Prize for discovering streptomycin, the first drug effective against tuberculosis. 


FREDERICK BANTING (7891-1941) was the Canadian physician who found a way to extract 
the hormone insulin and proved that it could control the abnormal amounts of blood sugar that 
made diabetes mellitus a slow killer. For this achievement, he shared a 1923 Nobel Prize. 


TRACY PUTNAM (1894- , a Los Angeles neuropathologist, enabled epilepsy victims to 
lead near-normal lives with his introduction in 1937 of diphenylhydantoin, better known by its 
trade name of Dilantin. It was the first drug to control seizures without producing drowsiness. 


CARL DAM (1895- ), a Danish biochemist, discovered vita- 
min K, the body’s blood-clotting substance, while studying the 
effects of cholesterol on hens. He shared the 1943 Nobel Prize 
with Edward Doisy, who synthesized vitamin K from plants. 


GERHARD DOMAGK (1895-1964), a German biochemist, be- 
gan the golden era of the wonder drugs in 1935 when he used 
Prontosil, the first sulfa drug, to produce an amazing recovery 





Carl Dam in his daughter who was dying from a streptococcus infection. 
TADEUSZ REICHSTEIN (1897- .a Polish-Swiss chemist. 
played a key role in isolating the hormones produced by the 
adrenal! cortex. From these hormones came such wonder drugs 
as cortisone, the first effective remedy for rheumatoid arthritis. 


HOWARD FLOREY (1898- , an Australian-English pathol- 
ogist, led the wartime crash program that isolated penicillin 
from its mold in 1940. First used to treat war casualties in Tu- 





nisia and Sicily, the drug is the workhorse of modern medicine. 
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K. K. CHEN (1898- . a Chinese-American pharmacologist, 
isolated many useful drugs from ancient Chinese medicines. 
The best known is ephedrine, from the shrub Ephedra sinica, a 
remedy for such allergic conditions as asthma and hay fever. 


JOHN GADDUM (1900-1965), a British physiologist, did very 
important research in autopharmacology, the body’s ability to 
produce drugs like vitamins and hormones. Gaddum also helped 





perfect testing techniques to determine safe and lethal doses. 
kK. RK. Chen 

RENE DUBOS (1901- ), a French-American microbiologist, in 1939 introduced tyrothricin, 

the first antibiotic used in medical practice. Two years later, Dubos isolated the active compo- 

nent gramicidin D, a drug that still enjoys wide use for ear, nose and throat infections. 


GREGORY PINCUS (1903- ,.an American physiologist, has 
earned fame as a developer of the first successful female oral 
contraceptive, from progestin and estrogen hormones. Pincus 


then turned to research on a similar male contraceptive pill. 


ULF VON EULER /(1905- . a Swedish physiologist, was 
studying the effects of hormones on respiration and circulation 


when he discovered noradrenaline in 1946. The hormone increas- 





es blood pressure by constricting Passages In the blood vessels. 


KARL FOLKERS (1906- .an American chemist, was among the first to establish the chem.- 
eal structures of B-vitamins and streptomycin. His most important achievement was the iso- 


lation of vitamin Biz, a drug which has eliminated the deadly threat of pernicious anemia. 


ALFRED GILMAN (1908- ,.an American pharmacologist, introduced the first effective can- 
cer drug in 1942. He proved that nitrogen mustards, from the same compound that produces 


deadly mustard gas, cause some cancerous tumors to regress without affecting healthy cells. 
CHOH HAO LI (19173- .a Chinese-American biochemist specializing in hormones of the pl- 


tuitary gland, was responsible for the isolation of cortisonelike ACTH and the growth hormone 
STH, medicine's first effective weapon against pituitary deficiencies that stunt human growth. 
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